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INTRODUCTION
The l a s t  quarter  o f  a century has w itn e ssed  many advances in  
m ed ic in e , and not the l e a s t  o f  th ese  has been the a p p l ic a t io n  
o f  b io ch em ica l  and b io p h y s ic a l  methods in  the i n v e s t i g a t io n  o f  
d i s e a s e .  The s u c c e s s  which has a tten d ed  th e se  e f f o r t s ,  i s  
probably  b e s t  seen  in  the d isco v e ry  o f  I n s u l in ,  but o th er  
advances perhaps not so epoch-making, have been made, and i t  
i s  im p o ss ib le  a t  p r e sen t  to f o r e t e l l  to  what h e ig h t s  they  w i l l  
lea d  u s ,  or whether they w i l l  u l t im a t e ly  a s s i s t  a t  a l l  in  the  
e lu c id a t io n  o f  the numerous problems a w a it in g  s o l u t i o n .
These methods have r e s u l t e d  in  the e v o lu t io n  o f  s o - c a l l e d  
" fu n c t io n  t e s t s "  a p p lie d  to  v a r io u s  organs o f  the body, and in  
s p i t e  o f  numerous t h e o r e t i c a l  o b j e c t io n s  which can be lodged  
a g a in s t  them, and they are many, th e r e  can be Uo doubt th a t  they  
have y ie ld e d  r e s u l t s  which have proved u s e f u l  both  in  d ia g n o s is  
and p r o g n o s is  though the  u l t im a t e  i n t e r p r e t a t io n  o f  th e se  r e s u l t s  
may be a m atter o f  d i s p u te .
In the f o l lo w in g  paper the w r i t e r  i s  concerned w ith  the
l i v e r ,  the v a r io u s  t e s t s  which have been ev o lved  fo r  
e s t im a t in g  whether d i s e a s e  be p r e s e n t ,  and i f  so ,  to  what e x te n t ,  
and t h e i r  v a lu e  in  the  p r o g n o s is  o f  d i s e a s e .
Various d i f f i c u l t i e s ,  which, though mainly t h e o r e t i c a l ,  
a f f e c t  the p r a c t i c a l  v a lu e  o f  c o n c lu s io n s ,  are  met w ith  a t  the  
o u t s e t .
1 .  An organ has u s u a l ly  many f u n c t io n s ,  w h ile  the t e s t s  a p p l ie d ,  
u s u a l ly  measure but one o f  t h e s e .
2# D e f ic ie n c y  in  the p a r t i c u la r  fu n c t io n  i n v e s t ig a t e d  does not  
n e c e s s a r i l y  imply d e f i c i e n c y  in  a l l ,  or even  in  any o th er  f u n c t io n .
2 . The la r g e  r e se r v e  power p o s s e s s e d  by most organs o f  the body. 
This i s  w e l l  seen  in  the  case o f  the l i v e r .  Up to  th ree  fo u r th s  
o f  l i v e r  su b stan ce  may be removed, w ith ou t a f f e c t i n g  a p p re c ia b ly  
the b o d i ly  economy.
4 .  The powers o f  hypertrophy and h y p e r p la s ia  p o s se s s e d  by the  
l i v e r  and the a b i l i t y  thus to  compensate fo r  th e  e f f e c t s  o f  
d i s e a s e .
5. The p a r t i c u la r  fu n c t io n  t e s t e d  may be p o s se s s e d  by o th e r  
organs to a v a r y in g  e x t e n t ,  and so d e f i c i e n c y  in  an organ may be 
compensated by o v e r - a c t i v i t y  in  a n o th e r .
6 . Each chem ica l p r o c ess  i s  but a part in  the  t o t a l  m etabolism
o f  the body, and f a i l u r e  in  one l i n k  o f  the ch a in  o f  r e a c t io n s  
w i l l  r e a c t  on a l l ,  so th a t  i t  i s  n e c e ssa r y  to r u le  out c o in c id e n t  
d is e a s e  in  o th e r  o rgan s .
F in a l l y  the q u es t io n  a r i s e s  -  what i s  the p o s i t i o n  v/hen a 
la b o r a to r y  f in d in g  i s  a t  va r ia n ce  w ith  a c l i n i c a l  one? This 
can o n ly  a r i s e  from a m istaken c o n c ep tio n  as to  the r e l a t i v e  
v a lu e  o f  c l i n i c a l  and la b o r a to ry  data .
There i s  no e s s e n t i a l  d i f f e r e n c e  between e s t im a t in g  the 
c a p a c ity  o f  the h e a r t  fo r  doing  work and a s s e s s i n g  the  
power o f  the kidney to e x c r e te  u r e a .  Each item  is* but one 
l in k  in the d ia g n o s t ic  ch a in , and must be co n s id er ed  in  r e l a t i o n  
to  the  w h o le •
The ta sk  o f  in t e r p r e t a t io n  o f  r e s u l t s  i s  th e r e fo r e  very  
'great, and c a u t io n  n e c e ss a r y  b efore  d e f i n i t e  c o n c lu s io n s  can  
be drawn.
THE EXPERIMENTAL BASIS OF HEPATIC INSUFFICIENCY.
In order to  determ ine the e f f e c t s  o f  i n s u f f i c i e n c y  o f  any 
g la n d , the s im p le s t  method i s  to  remove the g land , p a r t i a l l y  or 
in  t o t o .  In the case  o f  the l i v e r  o f  mammifers, however, a 
p r e lim in a ry  an astom osis  between the p o r t a l  v e in  and vena cava must 
be made by means o f  an Eck f i s t u l a ,  o th e r w ise  the b lood  accum ulates  
in  the p o r t a l  system , and the animal d ie s  from the r e s u l t a n t  
c ir c u la t o r y  d is tu r b a n c e .  Under th ese  c o n d i t io n s ,  the phenomena 
observed  a f t e r  removal o f  the l i v e r  can be l e g i t i m a t e l y  a sc r ib ed  
to  absence o f  the organ . I t  must be borne in  mind, how ever, th a t  
com plete hepatectom y i s  a b r u ta l  o p e r a t io n ,  and th a t  in s id e  a few 
m inutes an abnormal c o n d it io n  i s  e s t a b l i s h e d  which norm ally  ta k e s  
weeks or  months f o r  p a t h o lo g ic a l  p r o c e s s e s  to  accom plish ; the  
d u ra t io n  o f  s u r v iv a l  a f t e r  the o p e r a t io n  i s  b r i e f ,  and to o  sh o rt  
to  a l lo w  o th e r  organs to  take over the fu n c t io n s  o f  the l i v e r j  
f i n a l l y ,  each  s p e c i e s  o f  anim al has i t s  own p e c u l ia r  m etabolism ,  
which must be borne in  mind b e fo re  drawing c o n c lu s io n s  in  man.
In an attem pt to  approximate c l o s e r  to  p a t h o lo g ic a l  c o n d it io n s
chem ica l su b s ta n c es  having an e l e c t i v e  a f f i n i t y  f o r  the l i v e r  have  
been in trod u ced  in t o  the body, or even in j e c t e d  in to  the b i l e -  
d u c ts ,  with the o b je c t  o f  causing  d e s tr u c t io n  o f  the l i v e r .
The r e s u l t s  o b ta in ed  by th e s e  methods cannot be compared w ith  
th ose  fo l lo w in g  hepatectom y. This can  be r e a d i ly  un derstood ,  
s in c e  some o f  the c e l l s  always escape d e s t r u c t io n  by the  t o x in s ,  
w h ile  th ose  a f f e c t e d  remain in  s i t u ,  and l i b e r a t e  in ju r io u s  
su b sta n c es  which can  a f f e c t  the r e s t  o f  the organism , so  t h a t ,  
to the symptoms depending on f u n c t io n a l  d e f i c i e n c y ,  are added those  
o f  p o is o n in g  by a u t o l y t i c  p r o d u c ts .
E f f e c t s  o f  Removal o f  the l i v e r  in  v a r io u s  a n im a ls :
In f r o g s ,  removal o f  the l i v e r  c m  be performed d i r e c t l y ,  
on account o f  the p o r to -c a v a l  an a stom osis  which i s  norm ally  
p r e se n t  i n  the f r o g - fa m i ly  as w e l l  as b ird s*  The p e r io d  o f  
s u r v iv a l  i s  from 2 to  7 days i f  the  animal i s  p la ced  in  water  
which i s  not kept f r e s h ;  in  running w ater, the s u r v iv a l  i s  
about 2 months* A fte r  the o p e r a t io n ,  th e  u r in e  no lo n g e r  
co n ta in s  u r e a .
In b ir d s ,  in  whom the o p e r a t io n  can be performed w ithout  
any p r e l im in a r ie s  on account o f  the e x i s t e n c e  o f  the v e in  o f
Jacobson, death ensues in  about twenty hours; during t h i s  
p e r io d ,  there  i s  complete anuria  in  the p igeon; in  g e e s e ,  
u r in e  i s  s e c r e t e d ,  but t h i s  becomes c le a r  and a c id ,  in s te a d  o f  
tu rb id  and a lk a l in e  as i t  norm ally i s .  Uric  a c id ,  which in  the  
goose forms 60$ to  70$ o f  the t o t a l  n i t r o g e n  e x c r e te d ,  f a l l s  to 
6$ or even 2c/o  a f t e r  hepatectom y. I f ,  now, th e se  g e ese  are fed  
on urea  or a m in o -a c id s ,  th e se  su b sta n ces  are recovered  unchanged 
in  the u r in e ,  w h ile  in  the normal an im al, th e y  are e l im in a te d  
as u r ic  ac id *  Ammonia, which norm ally  forms 9$ to  1 8$  o f  the  
t o t a l  ur inary  n i t r o g e n ,  amounts to  more than 60$ a f t e r  removal 
o f  the l i v e r ,  and ammonium l a c t a t e  accummulates in  the organism* 
These r e s u l t s  i l l u s t r a t e  the im portant p art p layed  by the l i v e r  
in  n itr o g en o u s  m etabolism . N e ith e r  b i l e  pigm ents nor b i l e  a c id s  
accumulate in  the b loo d , which i s  con trary  to  what one would 
ex p e ct  i f  the s i t e  o f  p rod u ction  was o u t s id e  th e  l i v e r ,  and one 
cannot p lea d : th a t  the time o f  s u r v iv a l  i s  too  sh o rt  f o r  t h i s  to  
o ccu r , since..* a f t e r  l i g a t u r e  o f  th e  b i l e  d u ct, b i l i a r y  pigm ents  
accumulate in  the  b lood  a f t e r  6 h o u rs .
The anim al d ie s  in  fa S t a t e  o f  c o l l a p s e ,  sometimes preceded  
by c o n v u ls io n s .  ; -
Most o f  the modern ex p er im en ta l work on hepatectomy has been  
done on the dog. . The f i r s t  s te p  c o n s i s t s  in  making an Eck 
f i s t u l a ,  i . e .  e s t a b l i s h i n g  an anastom osis  between the  p o r ta l  v e in  
and the vena ca v a . P er r o n c ito  then  w a its  s e v e r a l  months b efore  
perform ing the second o p e r a t io n ,  and does not remove the l i v e r  
t i l l  the anim al has com p lete ly  recovered; the organ which i s  removed 
however, i s  not a normal l i v e r ,  but one in  which the c i r c u la t i o n  
has been red uced . Mann and ^cGath op era te  in  three  s t a g e s ;  the  
f i r s t  s ta g e  c o n s i s t s  in  making an Eck f i s t u l a ,  and l i g a t u r i n g ,  not  
the p o r ta l  v e in ,  but the vena cava below the p o r t o -c a v a l  anastom osis  
and in  fr o n t  o f  the su b -h ep a t ic  v e in s ;  very r a p id ly ,  the p e r ip h e r a l  
anastom oses are e s t a b l i s h e d ,  sometimes u n ifo rm ly , sometimes by the  
predominance o f  one or o th e r  group o f  v e i n s .  In the  second s ta g e  
o p e r a t io n ,  performed a t  l e a s t  one month a f t e r  the  f i r s t ,  the p o r t a l  
v e in  i s  t i e d  c lo s e  to  th e  l i v e r ;  t h i s  can now be performed w ithout  
danger; t h e n ,a f t e r  another i n t e r v a l  o f  a month, the h e p a t ic  a r te r y  
and the i n f e r i o r  vena cava a t  the l e v e l  o f  th e  diaphragm are  
l i g a t u r e d ,  and the l i v e r  i s  removed. In t h i s  case  a l s o ,  the l i v e r  
has been a f f e c t e d ,  a t  f i r s t  by an in c r e a se  in  the  c i r c u l a t i o n , and 
f i n a l l y  by a g r e a t  d e c r e a s e .  These a l t e r a t i o n s  in  the b lo o d -su p p ly
to  the  l i v e r ,  however, are u n a v o id a b le ,  s in c e  the b lood must be 
returned  to  the g e n e r a l  c i r c u l a t i o n ,  and the two o p e r a t io n s  cannot 
be performed s im u lta n e o u s ly .
The carbohydrate and n itro g en o u s  m etabolism  are a f f e c t e d .
Mann & McGath have shown th e  importance o f  hyp oglycaem ia . A fter  
a l a t e n t  p e r io d ,  which l a s t s  from 2 to 8 h ou rs , the f i r s t  symptoms 
appear; th e se  c o n s i s t  o f  p r o g r e ss iv e  muscular a s th e n ia ;  th e  anim al  
w ith  d i f f i c u l t y  keeps i t s  l e g s ;  he l i e s  down on the  ground; in  
l e s s  than an hour, he i s  unable to  perform the s l i g h t e s t  movement; 
but t h i s  f l a c c i d  c o n d it io n  o f  coma doe s not lastt lo n g .  Soon, 
motor h y p e r e x c i t a b i l i t y  i s  n o t i c e d ,  w hich a t  f i r s t  i s  l o c a l i s e d .
A sharp n o i s e  provokes a b r is k  c o n tr a c t io n  o f  th e  l e g s ;  m uscular  
tw itc h in g s  appear, a t  f i r s t  a f f e c t i n g  a s i n g le  m u scle , th en  a group 
o f  m u sc le s .  F i n a l l y ,  th e  s l i g h t e s t  s t im u lu s  ca u ses  g e n e r a l is e d  
c o n v u ls io n s ;  nausea  and vom itin g  su p erven e , and the anim al succumbs. 
The r a te  o f  th e  h e a r t ,  which i s  in c re a se d  a f t e r  the o p e r a t io n ,  
becomes slow ed during the a s t h e n ic  p h a se . The a r t e r i a l  p r e ssu re  
d e c r e a se s  from the o n s e t  o f  symptoms. The r e s p i r a t i o n s ,  which are 
rap id  during the p o s t - o p e r a t iv e  p e r io d ,  towards the end assume 
the G heyne-Stokes rhythm. The tem perature  remains normal t i l l  the  
s ta g e  o f  coma; i t  may even  r i s e  one degree b e fo re  the a s th e n ic
phenomena a p p ea r ;  then the tem perature f a l l s  during the comatose 
p e r i o d ,  hut the f a l l  i s  moderate.
Most o f  th e se  symptoms are due to hypoglycaem ia, and can 
he promptly removed by the a d m in is tr a t io n  o f  g lu c o s e .  '^he 
b lo o d -su g a r  which has a lread y  been lowered by the E c k - f i s t u l a ,  
becomes p r o g r e s s iv e ly  l e s s .  Symptoms commence when the b lo o d - 
su gar  rea ch es  0 .5  gm. per l i t r e .  The f a l l  becomes more rapid  
when c o n v u ls io n s  commence, and death ta k e s  p la c e  when the  
b lo o d -su g a r  i s  about 0 .3 0  gm. per l i t r e .  What proves  un m istakab ly ,  
th a t  the s u g a r - d e f i c i e n c y  i s  the cause o f  the symptoms i s  th a t  
th e  in traven ou s  i n j e c t i o n  o f  25 -  50 eg . o f  g lu c o se  per k i l o ,  
w eight im m ediately  r e v iv e s  the comatose dog; w i t h in  30 secon d s ,  
the animal s ta n d s  up, walks about and dr ink s;  in  l e s s  than a minute  
he appears to  become normal again; the a r t e r i a l  p ressu re  r e g a in s  
i t s  former l e v e l ;  the h e a r t  r a te  becomes regu lA r; the r e s p ir a t io n  
resumes i t s  u su a l  rhythm; the tem perature becomes normal; the 
r e s p ir a to r y  q u o t ie n t  and the b a s a l  m etabolism  are r a i s e d .  I f  
the anim al had reached the c o n v u ls iv e  s t a g e ,  the r e s u l t s  are  
even more s t r i k i n g ;  so lo n g  as  the h eart  c o n t in u e s  to  b e a t ,  t h e  
anim al can be r e v iv e d .  This r e m is s io n ,  however, i s  temporary; 
i t s  d u ra tion  v a r ie s  w ith  s e v e r a l  f a c t o r s ,  whether the animal i s
s t im u la te d  or kept q u ie t ,  whether or not i t  i s  kept warm, e t c .
Soon, the symptoms recommence; th ey  are  a l l e v i a t e d  a g a in  by 
anoth er  i n j e c t i o n .  The animal can in  t h i s  way be r ev iv ed  
s e v e r a l  t im e s ,  but the i n j e c t i o n s  req u ire  each tim e to  be increased*  
Soon, new symptoms make t h e i r  appearance, which the i n j e c t i o n  
o f  g lu c o s e  does not a l l e v i a t e ;  sometimes th ey  c o n s i s t  o f  coma 
w ith  c o n v u ls io n s  which r a p id ly  le a d s  to  d ea th , sometimes o f  
d iso rd er ed  movements w ith  absence o f  v i s i o n  sn d h e a r in g , q u ick ly  
fo l lo w e d  by coma and d e a th .  These symptoms are due to  a 
profound d is tu rb a n ce  o f  n itr o g e n o u s  m etabolism . This i s  
confirm ed by a n a ly s i s  o f  the u r in e ,  which shows a g r e a t  in c r e a se  
in  the ammonia n i t r o g e n ,  which may reach  50$ o f  the t o t a l  
n i t r o g e n ,  an in c r e a se  in  the  a m in o -a c id s , the appearance o f  u r i c  
a c id  which i s  u s u a l ly  ab sen t  in  the u r in e  o f  normal dogs,  
dim in u tion  i n  the b lood  urea which may f a l l  to  0 .0 1 7 $ ,  and an  
in c r e a se  in  the  r e s id u a l  n itr o g en *
The p er io d  o f  s u r v iv a l  w ithout g lu c o se  i s  from 6 to 7 hours;  
w ith  in tra v en o u s  i n j e c t i o n s  o f  g lu c o s e ,  19 to  20 hours; one dog, 
op era ted  upon by Mann & McGath, su rv iv e d  34 h ou rs , by combining the  
v a r io u s  methods o f  in tr o d u c in g  g lu c o s e .  Thus, the  e a r ly  symptoms 
fo l lo w in g  hepatectom y are due to  hypoglycaem ia , and not to
p o is o n in g  by ammonia b o d ie s ,  as was form erly  h e ld  by Pawlow 
and N encki. The g lu co se  a c t s  s p e c i f i c a l l y ,  and n ot as a 
r e g u la to r  o f  the Ph, which o n ly  undergoes s l i g h t  m od ifica tion s©  
i t  i s  o f  no u se  m erely to  m ainta in  the o-smotic power o f  the plasma; 
the a d m in is tr a t io n  o f  su b sta n ces  o f  even h ig h e r  osm otic  power than
g lu c o s e  i s  v a l u e l e s s .  N e ith e r  o th er  sugars nor p h y s i o l o g ic a l
\
s u b s t i t u t e s ,  nor e x t r a c t s  o f  g lands c a u s in g  hyp erg lycaem ia , nor 
p r o t e in  compounds c o n ta in in g  a carbohydrate group, can r e p la c e  
g lu c o s e .  The d ecrease  in  b lo o d -su g a r  f o l lo w in g  hepatectom y i s  a 
g e n e r a l ly  observed  phenomenon; i t  occu rs  in  g e e s e ,  in  whom, 
however, the hypoglycaem ia i s  not so marked as in  dogs; i t  i s  a l s o  
observed  in  the f i s h ,  t o r t o i s e  and f r o g .  Thus, one can conclude  
th a t  removal o f  the l i v e r  d e p r iv es  the organism  of the g r e a te r  
p o r t io n  o f  i t s  carbohydrate r e s e r v e ,  and removes the c h i e f  s e a t  o f  
o r ig i n  o f  g lu c o s e .  The u t i l i s a t i o n  o f  the g ly co g en  in  the m u scles ,  
a lth o u g h  t h i s  r e p r e se n ts  50$ o f  the t o t a l  g ly co g e n  o f  the body, 
occu rs too  s lo w ly  to  meet the needs o f  the t i s s u e s .
The a c t io n  o f  the pancreas on carbohydrates i s  a n t a g o n is t i c  
to  th a t  o f  the l i v e r .  Removal o f  the pancreas ca u ses  hyperglycaem ia  
and d ia b e t e s ,  w h ile  the hypoglycaem ia which f o l lo w s  hepatectom y, 
i s  s im i la r  to  i n s u l i n  hyp oglycaem ia . I f  th e  l i v e r  i s  removed
24 to 48 hours a f t e r  removal o f  the p an crea s , the hyperglycaem ia
f a l l s  r a p id ly  from 2 to 4 tim es the normal l e v e l ,  and symptoms
appear a t  a b lo o d -su g a r  c o n c en tr a t io n  not so low a s  a f t e r  
hepatectom y a lo n e;  the in j e c t io n  o f  g lu c o se  aga in  has a 
fa v o u ra b le  a f f e c t ,  but i t s  a c t io n  i s  o f  sh o r t  d u ra t io n .
Thus, the l i v e r  p la y s  a v e r y  im portant part in  the  
r e g u la t io n  o f  the b lo o d -su g a r  c o n c e n tr a t io n .  I t s  p resen ce  
i s  n e c e ss a r y  fo r  the p rod u ction  o f  p a n c r e a t ic  d ia b e te s ;  i t s  
removal cau ses  the l a t t e r  to  d isappear  in  a few h o u rs . S im i la r ly ,  
a sp h y x ia l  s t a t e s ,  and the i n j e c t i o n  o f  a d r e n a l in  no lo n g er  
cause hyperglycaem ia when the l i v e r  has been removed. The 
p a n crea s ,  however, p la y s  a part in  the  o n s e t  o f  symptoms 
f o l lo w in g  hepatectom y, and the absence o f  i t s  in t e r n a l  s e c r e t io n  
l i m i t s  the u t i l i s a t i o n  o f  g lu c o s e .  The lo n g e r  hepatectom y i s  
d e la y ed , the h ig h er  i s  the b lo od -su gar  at tfr ich  symptoms appear, 
the l a s t  remains o f  the in t e r n a l  s e c r e t io n  o f  the pancreas s t i l l  
in  c i r c u l a t i o n  a f t e r  removal o f  the organ having by then
disappeared^ g lu c o se  i s  then i n e f f e c t i v e  and cannot be u t i l i s e d .
The changes in  n i tr o g e n  m etabolism  a f t e r  hepatectomy  
were form erly  those  f i r s t  s tu d ie d ;  P e r r o n c ito  (8)  
co n c lu d es  from h i s  own experim ents th a t  a f t e r
e x t i r p a t i o n  o f  the l i v e r ,  there i s  a d im inu tion  in  urea w ith  
in c r e a se  in  ammonia and u r ic  a c id ,  but no a c id o s i s  i s  p r e s e n t ,  
and d eath  i s  n o t  due to  a c id  in t o x ic a t io n *  Mann & McGath’s 
c o n c lu s io n s  ( I )  are as  f o l l o w s .  The p ro d u ct io n  o f  urea  c e a se s  
a f t e r  removal o f  the l i v e r #  In f a c t ,  from th e  o n se t  o f  the  
s e c r e t i o n  o f  u r in e ,  a f t e r  hepatectom y, th e re  i s  a marked 
d im in u tion , not o n ly  in  the urea o f  th e  b lo o d , but s l s o  i n  the  
amount e l im in a te d  in  the u r in e ,  as w e l l  as in  the urea o f  the  
t i s s u e s  e s p e c i a l l y  the m u sc le s .  I f  the k id n ey s  are removed at  
the same tim e as the l i v e r ,  so  t h a t  the  anim al becomes ariuric,  
the urea o f  the b lood  remains the  same, or e l s e  f a l l s  s l i g h t l y .  
The s l i g h t  d im in u tion  sometimes noted  may be e x p la in ed  by the  
e x c r e t io n  o f  a c e r t a in  amount o f  urea in  the s a l i v a  and v om itu s .  
I f  the  k id n eys  are removed 8 to  24 hours b e fo re  removal o f  the  
l i v e r ,  by which time the b lood  urea i s  w e l l  above normal, no 
in c r e a se  in  the b lo o d -n i tr o g e n  o c c u r s .
The a c t io n  o f  the l i v e r  on u r ic  a c id  i s  a l s o  w e l l  
dem onstrated; norm ally , o n ly  t r a c e s  o f  u r ic  a c id  are found in  
th e  b lood  o f  the dog, and no a p p re c ia b le  amount appears in  the  
u r in e .  A fte r  removal o f  the  l i v e r ,  u r ic  a c id  appears in  the  
b lo o d , and s im u lta n e o u s ly ,  a la r g e  amount i s  e x c r e te d  in  the
u r in e ,  c r y s t a l s  b e in g  d e p o s i te d  im m ediate ly  a f t e r  b e in g  v o id e d .
U r ic  a c id  i n j e c t e d  in t o  the  normal dog i s  r a p id ly  d e s tr o y e d ;  
i f  i n j e c t e d  in t o  a h ep atectom ised  dog, i t  i s  a lm ost c o m p le te ly  
e l im in a te d  in  th e  u r in e ;  i f  th e  k id n ey s  are  removed, th e  u r ic  
a c id  i s  found in  th e  blood and m u sc le s .  These experim en ts  prove  
c o n c lu s i v e l y  t h a t  in  th e  normal dog, u r ic  a c id  i s  d e s tr o y ed  in  
th e  l i v e r ;  from which one may conclude t h a t  in  man th e  l i v e r  p la y s  
an im portant part in  purine metabolism*
Removal o f  th e  l i v e r  i s  fo l lo w e d  by a p r o g r e s s iv e  in c r e a s e  
in  the am ino-ac id  co n ten t  o f  the b lo o d , and no one has ever  been abl< 
to  prove the form ation  o f  urea  a f t e r  th e  i n j e c t i o n  o f  am ino-ac id s  
in  h ep a tec to m ised  d o g s .  I t  ap p ears , t h e r e f o r e ,  th a t  u t i l i s a t i o n  o f  
am in o-ac id s  i s  im p o ss ib le  a f t e r  rem oval of th e  l i v e r .
E f f e c t s  o f  P a r t i a l  Removal o f  th e  L iv e r : I
T h ree -q u a r ters  o f  the l i v e r  o f  the dog or r a b b it  can be 
removed w ith ou t th e  anim al succumbing; a f t e r  th e  second day, feed in g  
ta k e s  p la c e  as  b e f o r e .  The b i l i a r y  s e c r e t i o n ,  which i s  g r e a t ly  
reduced in  th e  f i r s t  two or th r ee  hours fo l lo w in g  th e  o p e r a t io n ,  
soon resum es i t s  normal c o u r se .  The urea  and n itr o g e n  index  o f  
th e  b lood  are d im in ish ed , w h ile  th e  r e s i d u a l  n i tr o g e n  i s  in c r e a s e d .
The d im inution  in  urea i s  p r o p o r t io n a l  to  the amount o f  
parenchyma removed, the g r e a t e s t  f a l l  observed  fo l lo w in g  
t o t a l  rem oval. A fte r  p a r t i a l  r e s e c t io n s ^ a s  P o n f ick  showed in  
1889 , the organ r a p id ly  r e g e n e r a te s ,  and c o i n c i d e n t l y , the urea  
in c r e a s e s ,  and the n i t r o g e n  index ten ds to become normal.
W ithin .two or three  months, the l i v e r  r e g a in s  i t s  former volume 
and w e ig h t .
Mann and McGath have noted  th a t  r e g e n e r a t io n  i s  d e la y ed ,  
i f  not c o m p le te ly  su p p ressed , in  anim als h av in g  an E c k - f i s t u l a .  
I f  o n ly  the  sm a ll  median lo b e s  remain, incom plete  and permanent 
h e p a t ic  i n s u f f i c i e n c y  r e s u l t s ;  th e  dog w a s te s ,  th e  a p p e t i t e  i s  
l o s t  and he becomes weaker, w ith o u t  becoming ja u n d ic ed . The 
b lo o d -su g a r  i s  low ered; u r ic  a c id  appears in  the u r in e ,  and i t s  
in c r e a s e  i s  p r o p o r t io n a l  to the i n t e n s i t y  o f  the symptoms. Cure 
may occur a f t e r  a lon g  p er io d ;  then the u r ic  ac id  d isap p ears  
from the u r in e ,  and a t  a u to p sy , a c e r t a in  amount o f  reg e n e ra t io n  
i s  found.
According to  Maddius, p a r t i a l  removal o f  the l i v e r  c o n fe r s  
g l o b u l i c i d a l  p r o p e r t i e s  on the serum.
Gondit i on o f  the v a r io u s  h e p a t ic  fu n c t io n s  a f t e r  re mo v a l  o f  the 
L iv er :
The g ly co g e n  f u n c t io n ,  hy v ir t u e  o f  which the l i v e r  i s  the  
g r e a t  r e s e r v o ir  o f  g lycogen  in  the organism , i s  su p p ressed , and t h i s  
ca u ses  the rap id  f a l l  in  the  b lo o d -su g a r .  This fu n c t io n  i s  not  
co n fin ed  to  the l i v e r ;  g ly co g en  i s  s t i l l  p r e se n t  in  the m uscles;  
b u t,  as in  th a t  s i t u a t i o n  i t  c o n s t i t u t e s  a l o c a l  r e s e r v e ,  and n o t  
a g e n e r a l  or som atic r e se r v e  l i k e  th a t  o f  the  l i v e r ,  i t  i s  in cap ab le  
o f  r e p la c in g  i t .  N e v e r t h e le s s ,  Mann and McGath who e s t im a ted  the  
g ly c o g e n  in  two p o r t io n s  o f  m uscle , one p o r t io n  removed during  
the  o p e r a t io n  and the o th er  in  the dying p h ase , found a d im inution  
o f  50$; a c e r t a in  amount o f  g lu c o se  der ived  from the m uscles can 
t h e r e fo r e  be u t i l i s e d  by the h ep atecto m ised  an im al.
The u r e o g en ic  fu n c t io n  i s  alm ost co m p le te ly  a b o l i s h e d ,  s in c e  
t h i s  fu n c t io n  i s  p r a c t i c a l l y  co n f in ed  t o  the l i v e r ,  and the amount 
o f  urea which can be formed o u ts id e  the l i v e r  i s  very  s m a l l .  In  
order to  e s t im a te  the c o n d it io n  o f  t h i s  fu n c t io n ,  n o te  must be taken  
o f  th e  n i t r o g e n  o f  the b lood  and u r in e ;  s in c e  i f  the k id neys are not  
fu n c t io n in g  n orm ally , the f a l l  in  b lood  n i t r o g e n  may be masked by 
the r e t e n t i o n  o f  urea due to  r e n a l  f a i l u r e .  S ince  urea i s  no 
lo n g e r  formed, am ino-ac id s  are e x c r e te d  as such in  the  u r in e .
The u r i c o l y t i c  fu n c t io n  i s  su p p ressed , so th a t  u r ic  a c id  
in c r e a s e s  in  the b lood  and u r in e .
The a c t io n  o f  the l i v e r  on the c o a g u l a b i l i t y  o f  the  blood  
i s  not c l a r i f i e d  by hepatectom y experim ents*  Most au th o rs  
(Gley and Pachon, Hedon and D elezenne , Nencki and pavlow,
S a la s k in  and Z a le s k i;  Mann and McGath), found no a p p re c ia b le  
d i f f e r e n c e  in  the c o a g u l a b i l i t y  o f  the b lood; Mann and McGath 
found th a t  the f ib r in p g e n  con ten t o f  th e  b lood  underwent no 
change. However, Doyon and K a reff  found th e  blood became 
in c o a g u la b le  a f t e r  removal o f  the l i v e r  in  th e  d og . N o l f  has 
e x p la in ed  th e se  a p p aren tly  c o n tr a d ic to r y  f i n d in g s .  The b lood  
i s  c o a g u la b le  a f t e r  hepatectom y so lo n g  as i t s  f ib r in o g e n  
c o n ten t  does not v a iy ;  but i f ,  through any c a u se ,  the blood  
l o s e s  i t s  c i r c u l a t i n g  f ib r in o g e n ,  i t  becomes aitid rem ains  
in c o a g u la b le ,  s in c e  th e  l i v e r  i s  the o n ly  organ w hich produces  
f ib r in o g e n .  That i s  what happens i f  an in tra v en o u s  i n j e c t i o n  
o f  W it t e ' s  peptone i s  g iv e n ,  which cau ses  c o a g u la t io n  o f  f ib r in o g e n  
on the endothelium  o f  the c a p i l l a r i e s .  That i s  what happened in  
the experim ent o f  Doyon and K a re ff;  th ere  th e  th ro m b o p la s t ic  
agent was the in t e r n a l  su r fa c e  o f  the rubber tube c o n n e c tin g  
the p o r t a l  v e in  to  one o f  the su b -h e p a t ic  v e in s  ( 2 ) .
The b i l i a r y  s e c r e t i o n  i s  co m p lete ly  a b o l ish e d  by removal 
o f  the l i v e r .  I f ,  as some authors h o ld ,  the l i v e r  o n ly  e l im in a te s  
the pigm ents and s a l t s  formed o u ts id e  the organ, th e se  su b sta n ces  
should  accumulate in  the b lood  when t h e i r  path  o f  e x c r e t io n  i s  
removed* Now, n o th in g  o f  the so r t  occu rs;  in  the  fr o g  which  
sometimes s u r v iv e s  th ree  months a f t e r  o p e r a t io n ,  and in  th e  goose  
which succumbs in  about tw enty h ou rs , th e r e  has never  been demon­
s t r a t e d  e i t h e r  i c t e r u s  or  h y p e r b il ir u b in a e m ia .  In the dog, 
P e r r o n c ito  has never  found b i l i r u b i n  e i t h e r  in  the blood or  u r in e .  
However, Mann s t a t e s  th a t  he found in  a l l  hep atectom ised  anim als  
s u r v iv in g  more than 6 h ou rs , a y e llo w  c o lo u r a t io n  o f  the  u r ine  
m a n ife s t  in  the f i r s t  specim en passed  a f t e r  the o p e r a t io n ,  and a 
s im i la r  c o lo u r a t io n  o f  the plasma, becoming deeper t i l l  death  
o c c u r s ,  and a y e l lo w  t i n t  in  the s c l e r o t i c s  and sometimes in  the  
mucous membranes o f  dogs su r v iv in g  more than 16 hours; a$ au to p sy ,  
a l l  the ad ip ose  t i s s u e  had a dark y e llo w  c o lo u r .  A ccording to  
Mann, t h i s  pigment c o lo u r in g  the u r in e ,  t i s s u e s  and blood i s  
b i l i r u b i n .
These f a c t s  no ted  by Mann have been confirm ed by o th er  
experim en tors who op erated  by h i s  methods* B ut, as P er r o n c ito  
days (3 )  t h i s  y e l lo w  pigment has  o n ly  been found by th o se^ a u th o rs
who in j e c t e d  in tra v en o u s  g lu c o se  in to  t h e i r  h e p a tec to m ised  dogs,  
s in c e  th ese  an im als were deprived o f  the most im portant organ 
o f  carbohydrate m etabolism . Moreover, n o t  a l l  au th ors who found 
t h i s  pigment admit th a t  i t  i s  b i l i r u b i n ;  thus M e lc h io r t ,  R osenthal  
and L ich t  s t a t e  th a t  the pigment does not g iv e  the  r e a c t io n s  
o f  b i l i r u b i n ,  and th a t  i t s  form ation  i s  n o t  in f lu e n c e d  by 
c o n d it io n s  which norm ally  cause an in c re a se d  p ro d u ctio n  o f  
b i l i r u b i n .  In c o n c lu s io n ,  i t  may be s a i d ,  t h a t  the p o s s i b i l i t y  o f  
the organism  forming b i l i r u b i n  o u t s id e  o f  the l i v e r  cannot be 
d en ied , and t h i s  does not d im in ish  the va lue  o f  th ose  experim ents  
which prove t h a t  the l i v e r  i s  the c h i e f  s e a t  o f  form ation  o f  i t s  
pigment and b i l i a r y  s a l t s *  The same h o ld s  good f o r  b i l i r u b i n  as  
f o r  g ly co g e n  and urea; the l i v e r  i s  n o t  the o n ly  t i s s u e  capable  
o f  produ cin g  i t ,  but the amount formed o u ts id e  o f  i t  i s  very  sm a ll  
compared w ith  what i t  can produce.
Three Argentine a u th o rs ,  S a ra v ia , Mazzocco and R oyer, have 
e s t im a te d  the b i l i a r y  a c id s  in  th e  b lood a f t e r  hepatectom y, by 
the method o f  A ld r ich  and B led soe ;  they  found th a t  t h e i r  conten t  
in  the b lo o d  kept on in c r e a s in g *  They then in q u ire d  whether t h i s  
in c r e a s e  was n o t  due to  r e a b s o fp t io n  o f  the a c id s  from the  
i n t e s t i n e s .  To answer t h i s  q u e s t io n ,  th ey  made a b i l i a r y  f i s t u l a
in  dogs 5 to  7 days b e fo re  perform ing hepatectom y, so as to  
d iv e r t  the b i l e  from the  i n t e s t i n e ;  then they  r e p e a te d ly  
purged the a n im a ls .  These anim als showed o n ly  a very  s l i g h t  
in c r e a se  in  the b i l i a r y  s a l t s  o f  the  b lood  and in  c e r ta in  anim als  
th e r e  was even a d im inution; accummulation o f  b i l i a r y  s a l t s  in  
the blood a f t e r  hepatectom y on ly  occu rs when the i n t e s t i n e  c o n ta in s  
the- s a l t s  and th e se  when absorbed by th e  duodenal mucosa f in d  
the b i l e  p a ssa g e s  b locked  and cannot be e x c r e te d  in to  the u r i n e ( 4 ) .  
S im i la r ly  w ith  u r o b i l i n ,  accord in g  to  Royer and S a ra v ia , Mho on ly  
found the l a t t e r  in  the blood a f t e r  hepatectom y when i t  was p r e se n t  
in  the i n t e s t i n e s ;  i t  accummulates in  the b lood  because  the  
kidney w i l l  not e x c r e te  i t ;  so t h a t  u r o b i l in a e m ia  in c r e a s e s  a f t e r  
hepatectom y w h ile  u r o b i l in u r ia  does n o t  vary even  a f t e r  th e  
in tra v en o u s  i n j e c t i o n  o f  u r o b i l i n  (5)*  Thus, one may say th a t  
the p rod u ction  o f  the c h ie f  c o n s t i t u e n t s  o f  b i l e ,  p igm ents and 
s a l t s ,  c e a s e s  a f t e r  removal o f  th e  l i v e r ;  i f  sm a ll  q u a n t i t i e s  
are s t i l l  formed under c e r t a i n  c ir cu m sta n c es ,  th e se  have no 
c o n n e c tio n  w ith  wh%t i s  produced by the normal a c t i v i t y  o f  the  
l i v e r ;  s in c e  the  occu rren ce  o f  jaundice  presu p p oses  the e x i s t e n c e  
o f  the  b i l i a r y  s e c r e t i o n ,  one can conclude th a t  not o n ly  i t  i t  
n o t  a s ig n  o f  h e p a t ic  i n s u f f i c i e n c y ,  but i t s  non-appearance i s  due
to  d e f i c i e n c y  o f  the g la n d .
E f f e c t s  o f  D e s tr u c t io n  o f  th e  L iver  hy Chemical Compounds:
Denys and Stubbe, on in j e c t i n g  a 2 -  56/o  s o lu t io n  o f  a c e t i c  
a c id  in to  the b i l i a r y  t r a c t  o f  the dog, caused d e s t r u c t io n  o f  
the l i v e r  parenchyma w ithout a f f e c t i n g  the c i r c u l a t i o n  in  any 
way ( 6 ) .  They s t a t e  th a t  the symptoms are i d e n t i c a l  w ith  
th o se  observed  by Minkowski, fo llov& n g removal o f  the l i v e r  
in  the g o o se ;  c o n v u ls io n s ,  a t  f i r s t  l o c a l i s e d ,  then g e n e r a l ,  
then death  o f  the animal in  6 to  26 h ou rs . Urea i s  g r e a t ly  
dim in ish ed  in  the u r in e  s e c r e te d  a f t e r  th e  o p e r a t io n ;  the  
tem perature i s  subnormal, the r e c t a l  tem perature f a l l i n g  to  
3 3 .7 °  and even  to  3 2 .5 ° •  In the r a b b it  s im i la r ly  t r e a t e d ,  the  
tem perature f a l l s  even  lo w er , and may reach  27°; s im i la r  r e s u l t s  
were o b ta in ed  by R oger. These r e se a rc h e s  a re  very  i n t e r e s t i n g ,  
and should be review ed in  the l i g h t  o f  r e c e n t  knowledge, concern ing  
the b lo o d -su g a r  c o n c e n tr a t io n ,  the b lood  n i t r o g e n ,  the urea  and 
am in o -a c id s  o f  the u r in e ,  and f ib r in o g e n ,  t o  see  vrtiether th e  e f f e c t s  
o f  ch em ica l d e s t r u c t io n  o f  the l i v e r ,  and o p e r a t iv e  removal are  
a n a lo g o u s .  One e s s e n t i a l  d i f f e r e n c e  i s  th a t  hepatectom y h a rd ly  
lo w ers  the tem perature, con tra ry  to  what mccurs a f t e r  the o p e r a t io n
o f  Denys and Stubbe, and, in  c o n s id e r in g  the r u e s t io n ,  Roger 
th in k s  th a t  th e  g r ea t  low er in g  o f  tem perature which he found 
i s  due to  abnormal fu n c t io n  o f  the g lan d , and not to  su p p re ss io n  
o f  h e p a t ic  f u n c t io n .
I c t e r u s  was never  n o t ic e d  i n  Denys and S tu b b e's  ca ses*  
However, the one animal which su rv iv e d  the o p e r a t io n ,  developed ,  
a few days l a t e r ,  a s l i g h t  y e l lo w  t i n t  o f  the s c l e r o t i c s .  I t  was 
then k i l l e d ,  when the l i v e r  and serum w ere .foun d  to  have an  
i c t e r i c  c o lo u r ,  w h ile  the u r in e  gave a markedly p o s i t i v e  G m elin 's  
r e a c t i o n .  I t  t h i s  s t a g e ,  the anim al was c o n v a le s c e n t ,  and the  
ja u n d ic e ,  fa r  from corresp on d in g  to  a phase o f  h e p a t ic  
i n s u f f i c i e n c y ,  c o in c id e d  w ith  the per iod  o f  r e g e n e r a t io n  o f  the  
l i v e r ,  which showed m a n ife st  hypertrop hy .
C erta in  su b s ta n c es  in j e c t e d  su b c u ta n eo u s ly , or in trodu ced  
by the d i g e s t i v e  t r a c t ,  cause e x te n s iv e  damage to  the l i v e r .  In  
phosphorus p o is o n in g ,  some o f  the symptoms resem ble those  
f o l lo w in g  removal o f  the l i v e r ,  such a s  d ecrease  o f  urea i n  th e  
u r in e ,  which f o l lo w s  a b r i e f  p er io d  when the urea  i s  in c r e a s e d .  
But Mann and W illiam son , who s t u d ie d  e x p e r im e n ta l ly  the e f f e c t s  
o f  phosphorus and ch loro form  p o is o n in g  in  the dog, n o ted  the  
absen ce  o f  symptoms u s u a l ly  a sc r ib e d  to  removal o f  the l i v e r ,  and 
p a r t i c u l a r l y ,  hypoglycaem ia , which i f  not always a b sen t ,  was
always o f  o n ly  s l i g h t  d egree . They found however, in c r e a se  in  u r ic  
a c id  and a m in o -a c id s ,  as w e l l  as d im inu tion  o f  urea* They con­
c l u d e d  th a t  the h e p a t ic  e lem en t, w h ile  i t  e x p la in ed  some o f  the  
symptoms, was in cap ab le  o f  acco u n tin g  fo r  a l l  th e  phenomena 
fo l lo w in g  th e s e  i n t o x i c a t i o n s .
To summarise the fo r e g o in g ,  absence o f  the l i v e r ,  whether  
due to  p a r t i a l  or complete experim en ta l rem oval, i s  fo l lo w e d  by:
1 .  hyp oglycaem ia , the b lo o d -su g a r  not b e in g  su p p lie d  as
fa s t  as i t  i s  used up;
2* d im inu tion  in  the n i tr o g e n  o f  the b lood  and u r in e ,  due to 
c e s s a t io n  o f  form ation  o f  u rea , which i s  a lm ost a l l  formed 
by the  l i v e r .
3 .  in c r e a se  in  a m in o-ac id s  o f  the u r in e ,  the am ino-ac id s  not 
b e in g  transform ed in t o  u r e a , and e l im in a te d  unchanged;
4 .  in c r e a s e  in  u r ic  a c id  o f  th e  u r in e ,  u r ic  a c id  not b e in g  
d estroy ed  as i t  norm ally  i s ,  in  the dog;
5* c e s s a t i o n  o f  form ation  o f  f ib r in o g e n ,  which o n ly  becomes
e v id e n t  when th a t  a lread y  in  the b lood  i s  d e s tr o y e d .
I c t e r u s  does n o t  form p a r t  o f  the p ic tu r e  o f  h e p a t ic
in s u f f i c i e n c y *  I t  d oes  n o t  deve lop  a f t e r  p a r t i a l  removal o f  the
organ, even when, f o l lo w in g  the tech n iq u e  o f  Mann and McGath,
r e g e n e r a t io n  o f  the l i v e r  i s  p rev en ted ;  i t  does n o t  accur in
any s p e c i e s  o f  anim al a f t e r  hepatectom y, even when the p e r io d
o f  s u r v iv a l  i s  more than 20 hours as in  the frog*  When, ‘ '
f o l lo w in g  in tra ven ou s  in j e c t i o n s  o f  g lu c o se  a y e l lo w  pigment 
ap rears  in  the serum o f  the dog, which may, perhaps, be b i l i r u b i n ,  
th a t  on ly  goes to  p rove , once more, th a t  b i l e  pigment may, in  
c e r t a i n  c ir cu m sta n c es ,  be formed o u t s id e  the l i v e r ;  t h i s  does  
n o t show th a t  the l i v e r  on ly  e l im in a te s  a pigment e lsew h ere  
produced, and which accum ulates in  the body a f t e r  removal o f  
th e  g la n d .
I f  th e  above group o f  symptoms are  r a r e ly  observed  c l i n i c a l l y ,  
th a t  i s  because  a la r g e  p a rt  o f  the parenchyma o f  the l i v e r  can 
be removed w ith o u t e f f e c t ,  and because r e g e n e r a t io n  o f  the g land  
ta k es  p la c e  very r a p id ly ,  as Hanot and Kahn dem onstrated lo n g  a g o .
The organism  i s  th e r e fo r e  w e l l  equipped a g a in s t  h e p a t ic  
i n s u f f i c i e n c y .  Thus, a d e s t r u c t iv e  t i s s u e  l e s i o n ,  such as 
occu rs  in  Laennec*s c i r r h o s i s ,  can p ro g ress  t i l l  death  o c cu rs ,  
w ith o u t at any time showing any r e a l  s ig n s  i n d ic a t in g  h e p a t ic  
i n s u f f i c i e n c y ,  and the f a t a l  ter m in a t io n  must be a sc r ib e d  to  
t o x i c  p rod u cts  l ib e r a t e d  by the damaged l i v e r ( 7 ) *
The v a r io u s  symptoms d escr ib ed  above always occur t o g e t h e r ,  
when th ey  are caused by a more o r  l e s s  e x t e n s iv e  r e s e c t i o n  o f  
the gland* This i s  probably due to  the synergy o f  the  d i f f e r e n t  
f u n c t io n s  o f  th e  l i v e r ,  as p h y s i o l o g i s t s  have dem onstrated.
Only the  c lo s e  s tu d y  o f  th ese  symptoms, combined w ith  
p a t h o lo g ic a l  exam inations w i l l  t e l l  whether th ere  e x i s t  
d i f f e r e n t  forms o f  h e p a t ic  i n s u f f i c i e n c y  ( 9 ) .
CHROMAGOGrUS FUNCTION TESTS.
The power o f  the l i v e r  to  remove dyes from the b lo o d -strea m  
and then r e - e x c r e t e  them i s  m erely one phase o f  the a n t i t o x i c  
f u n c t io n  o f  the l i v e r ,  and i l l u s t r a t e s  i t s  a b i l i t y  to  dea l w ith  
f o r e ig n  su b s ta n c es  in  the c i r c u l a t i o n .  This fu n c t io n  has been  
made the b a s i s  o f  the s o - c a l l e d  dye t e s t s .
In th e se  t e s t s ,  a g iv e n  amount o f  dye i s  in j e c t e d  in to  a 
v e in ,  and the r a te  o f  i t s  removal from the  b lood  n o te d ,  and a ls o  
the amount e x cr e te d  in to  the duodenum ( v ia  the b i l e ) ,  the  
i n t e s t i n e s ,  and the u r in e .
The id e a l  su bstance  fo r  such a t e s t  should be n o n - t o x ic ,  a 
c r y s t a l l o i d ,  should  remain in  the b lood stream s u f f i c i e n t l y  lo n g  
and in  s u f f i c i e n t  c o n c e n tr a t io n  to  be e s t im a te d ,  and the l i v e r  
should  be the o n ly  organ concerned in  i t s  e l im in a t io n  ( 1 0 ) .
Such a su b stan ce  must remain an i d e a l ,  a t  p r e s e n t ,  but the 
ones in  u se  at p r e se n t  approximate more or l e s s  c l o s e l y  to  the 
above re q u irem en ts•
PHEN OL T3TRACKL0RPK PH ALE IN TEST.
T his t e s t  o r ig in a te d  from the o b s e r v a t io n s  o f  Howntree &
Abel (11) th a t  when t h i s  su b stan ce  was in j e c t e d  in t o  the
c i r c u l a t i o n ,  e l im in a t io n  took p la c e  s o l e l y  by the l i v e r .  This 
at once su g g e s te d  i t s  use  fo r  the purpose o f  t e s t i n g  l i v e r  
f u n c t io n .
On i n j e c t i o n  in to  the  b lo o d -strea m , the dye a t  once  
commences to  be taken up by the l i v e r ,  but a sm all amount 
d i f f u s e s  in to  the t i s s u e s ,  and i s  g iv en  up as the c o n c e n tr a t io n  
in  the b lo o d -strea m  f a l l s .  I t  i s  e x cr e te d  by the  l i v e r  in  the  
b i l e  and, norm ally  i s  not found in  the u r in e ,  though in  d i s e a s e ,
v a ry in g  amounts may be e x c r e te d  by the k id n e y s .
In the o r i g i n a l  t e s t ,  the amount r ec o v er a b le  from the f a e c e s  
in  the  f o r t y  e ig h t  hours f o l lo w in g  i n j e c t i o n  was m easured. T h is  
method was o b j e c t io n a b le ,  cumbersome and in a c c u r a te .  The 
in t r o d u c t io n  o f  th e  duodenal tube tech n iq u e  brought about a 
m o d if ic a t io n  o f  the t e a t ,  and th e  amount r ec o v er a b le  from the  
duodenal c o n te n t s  was th e n  u se d .  This method i s  s t i l l  fo l lo w e d
out by many, but an undoubted improvement was in trod u ced  by 
H osen th a l ( 1 2 ) .  This in v e s t ig a t o r  measured the  r a te  a t  which th e  
dye l e a v e s  the b lo od -stream  and t h i s  i s  the method employed at th e  
p r e sen t  t im e .
Me th o d :
The dye i s  made up in  ampoules o f  s t r e n g t h ,  each ampoule 
c o n ta in in g  10 mg. o f  dye . 5 mg. o f  dye a r e  used  fo r  each Kg. 
w eig h t and the r e q u i s i t e  number o f  ampoules i s  d i s s o lv e d  in  
about 300 c . c .  normal, s t e r i l e ,  s a l i n e .  T h is s o l u t i o n  i s  then  
i n j e c t e d  in to  a v e in ,  and the n e e d le  i s  then washed out w ith  a 
few c . c .  o f  s a l i n e  to  preven t l o c a l  e x tr a v a s a t io n  o f  the  dye .  
Samples o f  b lood  are  then taken f i f t e e n  m inutes and one hour a f t e r  
i n j e c t i o n ,  5 -10  c . c .  b e in g  c o l l e c t e d  each tim e in t o  a dry 
c e n tr i f u g e  tu b e , the b loo d  a llo w ed  to  c l o t ,  c e n tr i f u g e d ,  and the  
c le a r  serum p ip e t t e d  o f f .
I t  i s  very  im portant to preven t h aem olysis  o c c u r r in g ,  as t h i s  
i n t e r f e r e s  w ith  the  e s t im a t io n  by c o lo r im e tr y ,  and can on ly  be 
av o id ed  by a l lo w in g  the c l o t  to  sep a r a te  o f  i t s  own a c c o r d .  The 
p ercen ta g e  o f  dye p r e se n t  in  each specim en o f  serum i s  then  d e t e r ­
mined by m atching a g a in s t  stan dards o f  known s tr e n g th  in  a 
c o lo r im e t e r .
For the purpose o f  the t e s t ,  a s e r i e s  o f  standards must he 
ob ta in ed  or p repared . I t  i s  b e s t  to  prepare f r e s h  stan dards  
every  few days, as the co lo u r  d e t e r i o r a t e s ,  and m atching becomes 
d i f f i c u l t  and in a c c u r a te .
F ir s t  o f  a l l ,  a 100$ standard i s  prepared by d i s s o l v in g  the  
c o n te n ts  o f  one ampoule i . e .  0 .2  c . c .  o f  a 5$ s o l u t i o n  r e p r e s e n t in g  
10 mgm. o f  dye, in  100 c . c .  d i s t i l l e d  w a te r .  The c o lo u r  
developed  a f t e r  ren d er in g  t h i s  s o l u t i o n  a l k a l i n e  (by the a d d it io n  
o f  one drop o f  5$ NaOH) i s  taken as 100$, and r e p r e s e n t s  the c o lo u r  
which would be g iv e n  by the p a t ie n t  fs serum, i f  no dye were  
e x c r e t e d .
The fo l lo w in g  s e r i e s  o f  d i l u t i o n s  are made:-
Amount o f  100$ standard in  c . c .  2 .5  2 .0  1 .5  1 .0  0 .5  . 0 . 2
Amount o f  d i s t i l l e d  water in  c . c .  7 .5  8 .0  8 .5  9 .0  9 .5  9 .8
R e s u l t in g  d i l u t i o n  o f  standard
in  p ercen ta ge  25 20 15 10 5 2
One drop o f  5$ NaOH i s  added to  each tube to  render i t  
a l k a l i n e .  For m atching th e  serum, some type o f  comparator  
should  be u se d ,  th a t  o f  Cole and Onslow b e in g  q u ite  s u i t a b l e .
The serum i s  d iv id e d  between two t e s t  tub es o f  the type  
used  in  the com parator. To one i s  added one drop o f  5$ NaOH
but the o th e r  i s  l e f t  untouched u n le s s  h aem o lys is  i s  p r e s e n t ,  in  
which case  two or th ree  drops o f  5$ h y d ro c h lo r ic  ac id  are added. 
The a l k a l i n e  serum i s  then  matched in  the comparator a g a in s t  
the  v a r io u s  d i l u t i o n s  o f  the standard prepared and the c o r r e s -  
:ponding d i l u t i o n  r e p r e se n ts  the p ercen tag e  o f  dye rem aining  
u n ex cre ted  in  the serum.
Any c o lo u r  due to  the serum i t s e l f  may be c o n t r o l l e d  by 
superim posing  the second tube o f  serum on the standard in  the  
comparator.
A s i m p l i f i c a t i o n  o f  the method fo r  determ in ing  the amount 
o f  p h e n o l te tr a c h lo r p h th a le in  has been d e v ise d  by Bloom and 
Rosenau (1 3 ) ,  which depends on the p r e c i p i t a t i o n  o f  p r o te in s  
by aceton e  in  the serum. An equal volume o f  a c e to n e  i s  added 
to  the t e s t - s e r u m , and a heavy , w h ite ,  f l o c c u l e n t  p r e c i p i t a t e  
r e s u l t s ;  t h i s  i s  c e n tr i fu g e d  at low speed fo r  two m inutes  
when an alm ost c r y s t a l  c l e a r ,  s l i g h t l y  y e l lo w is h ,  supernatant  
l i q u i d  s e p a r a te s  from the p r e c i p i t a t e .  This su pern atant l i q u i d  
does not g iv e  the  b iu r e t  r e a c t i o n .  I f  p h e n o l t e tr a c h lo r p h th a le in  
i s  p r e se n t  in  the te s t - sb r u m , i t  w i l l  remain in  the su pern atant  
l i q u i d .  The a d d i t io n  o f  th ree  drops o f  5$ sodium hydroxide  to  
t h i s  l iq u i d  c a u se s  the p h e n o l t e tr a c h lo r p h th a le in  to  appear
w ith  s l i g h t l y  more o f  a b lu is h  t i n t  than i s  p resen t  when the  
dye i s  in  aqueous s o l u t i o n .  A permanent standard f o r  comparison  
w ith  the t e s t  specim en can be made up in  a manner s im i la r  t o  th e  
method d e sc r ib e d  above, except th a t  the co lo u r  standard fo r  each  
p e r ce n ta g e  d i l u t i o n  o f  the dye i s  d i lu t e d  w ith  an eq u a l volume 
o f  a ce to n e  so as to  compensate fo r  the a d d it io n  o f  acetone  to  the  
t e s t  spec im en . The ace to n e  standards b eg in  to  fade s l i g h t l y  
a f t e r  a month.
This method en a b les  one to  d e te c t  minute t r a c e s  o f  the dye, 
and because  o f  the sharp c o lo u r  e l i c i t e d  from the sera  by t h i s  
te c h n iq u e ,  very  a ccu ra te  q u a n t i t a t iv e  d e term in a tio n s  can be made. 
Even the se r a  from h e a v i ly  jaundiced p a t i e n t s  g iv e  the same 
c l e a r  su pern atant l iq u id ;  in  th e se  c a s e s ,  the p r e c i p i t a t e  i s  
co lo u red  deep y e l lo w ,  w h ile  the su pern atant l i q u i d  does not g iv e  
a c o lo u r  r e a c t io n  when tr e a te d  w ith  E h r l i c h ' s  d iazo  reagent  
(¥an den Bergh*s t e s t ) .
In normal in d iv id u a l s  from 2$ to  6$ o f  dye i s  found in  the  
c i r c u l a t i o n  a f t e r  f i f t e e n  m in u tes ,  w h ile  a f t e r  one hour none i s  
p r e s e n t .  In  d is e a s e d  c o n d i t io n s  o f  the l i v e r ,  th e  dye remains  
much lo n g e r  in  the b lo o d ,  and may be recov ered  th ree  hours a f t e r  
i n j e c t i o n .  A reco v ery  o f  8$ or more a f t e r  one hour i s  s a id  to
be c o n c lu s iv e  o f  im paired l i v e r  fu n c t io n  ( 1 4 ) .
E x p er im en ta lly ,  i t  has been found (15) th a t  12$ o f  l i v e r  
must be removed to  o b ta in  a p o s i t i v e  r e s u l t .
The t e s t  i s  not fr e e  from danger, and l o c a l  in d u ra t io n  at  
the s i t e  o f  i n j e c t i o n ,  venous th rom b osis , r ig o r s  and c h i l l s  may 
o c c u r .  Deaths have been r ep o rted  a few days a f t e r  i n j e c t i o n  
(1 6 ,  1 7 ) .
There can be no doubt as to the s p e c i f i c i t y  o f  the t e s t ,  
ex ce p t  in  o b s t r u c t io n  o f  the b i l i a r y  p a s s a g e s ,  when m echanical  
f a c t o r s  p reven t the e x c r e t io n  o f  the dye , and f a l s i f y  r e s u l t s .
The f i r s t  exam in ation , a f t e r  f i f t e e n  m in u tes , can s a f e ly  be 
o m itte d , and o n ly  the  one hour sample taken and examined. This  
makes th e  t e s t  e a s i e r  from th e  p a t i e n t ' s  p o in t  o f  view (1 8 ) .
Marked r e t e n t io n  o f  the d y e  in  a c a se  o f  en larg ed  l i v e r  
would su g g e s t  a d ia g n o s is  o f  cancer  r a th er  than c i r r h o s i s  or  
h e p a t i t i s ,  as i t  has been found t h a t  the power o f  th e  l i v e r  to  
e l im in a te  the dye i s  more a f f e c t e d  in  the c a se  o f  the former 
d is e a s e  ( 1 9 ) .  A p o s i t i v e  r e s u l t  i s  th e r e fo r e  very  v a lu a b le ,  but 
o n ly  g r o ss  l i v e r  damage can be in d ic a te d  by t h i s  method, which  
f a i l s  t o  show very  e a r ly  l e s i o n s .  A n e g a t iv e  r e s u l t  does not 
exc lu d e  l i v e r  in vo lvem en t, even o f  a f a i r l y  advanced ty p e .
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The la r g e  amount o f  dye which r e q u ir e s  to  he in j e c t e d  i s  
another  drawback ( 2 0 ) .
The t e s t  i s  th e r e fo r e  not an id e a l  one, but very u s e f u l  
in  the i n v e s t i g a t i o n  o f  h e p a t ic  fu n c t io n .
BB0L1SULPHALEH TEST
This t e s t  was f i r s t  in trodu ced  by R osen tha l & White, as 
an advance on the p h e n o lt e tr a c h lo r p h th a le in  t e s t  ( 2 1 ) .
Method:
The dose i s  c a lc u la t e d  on the b a s i s  o f  2 mgm. o f  dye f o r  
each Eg. bodyw eight. (Weight o f  th e  p a t ie n t  in  lb s  d iv id ed  
by 55 g iv e s  the number o f  c . c .  o f  5$ s o l u t i o n  r e q u ir e d . i  The 
dye i s  made up in  ampoules o f  h c/o  s t r e n g t h .  A 5 c . c .  sy r in g e  
should be used  fo r  the i n j e c t i o n ,  which sh ou ld  take one m inute, 
and the l a s t  drops o f  dye should  be washed through th e  sy r in g e  
by a few c . c .  normal s a l i n e ,  to  prevent i n f i l t r a t i o n  o f  th e  
dye o u t s id e  the v e i n .
T h ir ty  m inutes a f t e r  i n j e c t i o n ,  4 -5  c . c .  o f  b lood  are  
withdrawn p r e fe r a b ly  from the o p p o s i te  arm, by a l lo w in g  th e  
blood  to run through a n e e d le  in to  a dry t e s t  tu b e . In c a se s  
o f  e a r ly  l i v e r  d i s e a s e ,  i t  i s  recommended in  a d d it io n  th a t  a 
sample be withdrawn f i v e  m inutes a f t e r  i n j e c t i o n .
The b lood  i s  a llow ed  to  c o a g u la te ,  care b e in g  taken to
preven t h a e m o ly s is  by not in t e r f e r in g  w ith the p r o c e s s .  The
blood i s  then c e n tr i fu g e d ,  and the c le a r  serum p ip e t te d  in to
two sm all  t e s t  tu b e s .  To one o f  th ese  i s  added one or two
drops o f  a 10$ s o lu t io n  o f  sodium h yd rox id e , to  b r in g  out the
co lo u r  o f  the  dye, and to  the o th e r ,  a drop o f  5$ HCl to c l e a r
the serum o f  any h a e m o ly s is .  The p ercen tage  o f  dye p resen t  in
th e  serum i s  then e s t im a te d  by comparison w ith  a s e r i e s  o f
s ta n d a r d s .  The tube o f  c l e a r  a c i d i f i e d  serum i s  p laced  in  fro n t
o f  the standard in  a comparator, and by s im u lta n eo u s ly  lo o k in g
through both  tu b e s ,  a comparison can be made w ith  the coloured
a l k a l i s e d  serum. The stan dards are prepared as fo l lo w s :  4 mgm.
o f  brom su lp hale in  are d i s s o lv e d  i n  100 c . c .  water rendered a lk a l in e
w ith  0 .2 5  c . c .  o f  10$ sodium h yd rox id e . This r e p r e se n ts  the
100$ stan d ard .
The f o l lo w in g  s e r i e s  o f  d i l u t i o n s  are made:-
Amount o f  100$ standard in  c . c .  9 8 7  6 5 4 3 2  1
Amount o f  d i s t i l l e d  w ater  i n  c . c #  1 2 3 4  5 6 7 8 9
R e s u lt in g  d i l u t i o n  o f  s tan dard
in  p e r ce n ta g e  90 80 70 60 50 40 30 20 10
5 c . c .  o f  each standard may be s e a le d  in  a sm a ll  t e s t  tube,
and no d e t e r io r a t io n  i n  co lou r  w i l l  r e s u l t  fo r  s e v e r a l  months, 
i f  th ey  are  kept i n  th e  dark*
In normal in d iv id u a l s ,  an average o f  35$ i s  found in  th e  
serum f i v e  m inutes a f t e r  i n j e c t i o n ,  the amount v ary in g  from 
20$ to  50$.
T h irty  m inutes a f t e r  i n j e c t i o n ,  the serum i s  e n t i r e l y  fr e e  
from dye, or r a r e ly ,  a very f a i n t  tr a c e  i s  p r e s e n t ,  th e  amount 
b e in g  i n s u f f i c i e n t  to  be e s t im a te d  e o l o r i m e t r i c a l l y •
The amount o f  dye p r e sen t  i n  th e  u r in e  i s  n e g l i g i b l e ,  
v a ry in g  from none at a l l ,  to  0 .5 $  o f  the  q u a n t ity  in je c te d *
The e s t im a t io n  in  the u r in e  may be c a r r ie d  o u t  w ith  the same 
stan dards used  fo r  the  blood serum.
I t  i s  s a id  th a t  the p ercen ta ge  o f  dye p r e se n t  in  th e  
b lo o d  serum t h i r t y  m inutes a f t e r  i n j e c t i o n ,  e x p r e s s e s  d i r e c t l y  
the p ercen ta g e  o f  impaired l i v e r  f u n c t io n .  Thus a f in d in g  o f  
50$ t h i r t y  m inutes a f t e r  i n j e c t i o n  would in d ic a t e  th a t  the  
h e p a t ic  e f f i c i e n c y  was 50$ norm al. E x p er im en ta lly ,  i f  th e  l i v e r  
be exclud ed  from the c i r c u l a t i o n ,  a 100$ f in d in g  i s  o b ta in e d .
In the c a se  o f  l i v e r  d i s e a s e ,  w ith  abnormal r e t e n t io n  o f  
the dye in  t h e  b lo o d ,  b rom su lp hale in  i s  e x c r e te d  in  the u r in e  in  
the  twenty four  hours f o l lo w in g  i n j e c t i o n ,  in  amounts v a ry in g
from a t r a c e ,  to  20$ o f  the amount i n j e c t e d .  There i s  no 
correspondence between the  degree o f  r e t e n t io n  in  the b lo o d ,  
and the  amount e x cr e te d  in  the u r in e ,  s o  t h a t ,  as w ith  
t e t r a c h lo r p h t h a le in ,  i t s  e x c r e t io n  in  the u r in e  cannot be taken  
as a q u a n t i t a t iv e  t e s t  fo r  l i v e r  fu n c t io n ,  although i t  may 
show s t r i k i n g  v a r ia t io n s  from normal, in  l i v e r  d ie a se *
Furthermore, in  m ild  c a se s  o f  impaired h e p a t ic  fu n c t io n ,  a s  
shown by the brom sulphale in  t e s t ,  no abnormal e x c r e t io n  in  
the u r in e  may be n o te d .
In no c a s e s  have untoward e f f e c t s ,  such as have been  
observed  w ith  t e t r a c h lo r p h t h a le in ,  been noted  w ith  brom su lp ha le in ,  
so th a t  the l a t t e r  i s  in  every  way, a much s a f e r  dye t o  u s e .  
Further advan tages are t h e  sm a l le r  dosage o f  the  drug, and th e  
h igh  c o n c e n tr a t io n  reached in  the b lood  a t  the ehd o f  t h i r t y  
m in u tes .  This t e s t  i s  a ls o  a s p e c i f i c  one, abnormal r e t e n t io n  
in v a r ia b ly  im p l ic a t in g  the l i v e r .  The t e s t  i s  com p a ra tiv e ly  
f r e e  from t e c h n i c a l  e r r o r ,  th e  e s t im a t io n  b e in g  easy  to  make*
In comparison w ith  p h e n o lt e tr a c h lo r p h th a le in ,  i t  has been  
shown t h a t  the l i v e r  i s  more s e n s i t i v e  to  b rom su lp hale in  and 
p o s i t i v e  r e s u l t s  are  o b ta in ed  a t  an e a r l i e r  s ta g e  than w ith  the  
former compound.
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The t e s t  i s  u s e l e s s  in  the case  o f  b i l i a r y  o b s t r u c t io n ,  and 
i t  has been found th a t  r e t e n t io n  o f  the dye does n o t  run 
p a r a l l e l  w ith  th e  b i l i r u b i n  r e t e n t io n  ( 2 2 ) .  The t e s t  w i l l  not  
r e v e a l  very  e a r ly  h e p a t ic  d y s fu n c t io n ,  s o  th a t  the  c l i n i d a l  s ig n s  
o f  e a r ly  h e p a t ic  d is e a se  may be p r e s e n t ,  and a n e g a t iv e  r e s u l t  
o b ta in e d .  Some o b serv ers  have obta in ed  p o s i t i v e  r e s u l t s ,  in  a 
la r g e  number o f  c a ses  w ith  the la e v u lo s e  to le r a n c e  t e s t s ,  w h i le  
w ith  b rom su lp hale in  the r e s u l t s  were u n iform ly  n e g a t i v e f  (22)  
so th a t  a n e g a t iv e  r e s u l t  does not exonerate  th e  l i v e r .
The Brom sulphalein t e s t , . o n  the whole, i s  a v a lu a b le  o n e ,  
and in  th e  o p in io n  o f  some, i s  the b e s t  t e s t  o f  l i v e r  fu n c t io n  ( 2 3 ) .
ROSS BENGAL TEST.
Rose Bengal i s ,  c h e m ic a lly ,  d i - i o d o t e t r a c h l o r f l u o r e s c e i n  o f  
the tr iphenylm enthane s e r i e s  o f  dyes, and a f t e r  i n j e c t i o n  in to  
the c i r c u l a t i o n ,  i s  e l im in a te d  e n t i r e l y  by the l i v e r ,  th e  u r in e  
rem aining fr e e  from the dye except in  rare  c a se s  ( 2 4 ) .  I t  
thus resem bles  p h e n o lte tr a c h lo r p h th a le in  very c l o s e l y  in  i t s  
b eh av iou r .
Another c h a r a c t e r i s t i c  o f  the dye i s  i t s  photodynamic 
a c t i v i t y ,  r e s u l t i n g  in  h a em olysis  on exposure to  l i g h t .  To 
reduce t h i s  f a c t o r  to  a minimum, the b lood  i s  c o l l e c t e d  and 
kept b e fo r e  c e n tr i f u g in g  i n  a subdued l i g h t ,  and c e n tr i fu g e d  
as soon as  p o s s ib l e  a f t e r  c o l l e c t io n *  As a p r e ca u tio n a ry  measure 
the  p a t i e n t  i s  kept in  a darkened room f o r  an hour f o l lo w in g  the  
i n j e c t i o n  o f  the  dye, a lthou gh  i t  i s  improbable th a t  s u n l i g h t  
would have a markedly d e l e t e r io u s  e f f e c t  on a p a t ie n t  in t o  whom 
the dye had been in je c te d #
The f o l lo w in g  method has s e v e r a l  advantages: The p a t ie n t
i s  s u b je c te d  to  a s i n g l e  puncture o f  the v e in ;  the dye i s  ea sy
to  o b ta in  in  b u lk , and can be s t e r i l i s e d  w ithout chem ical  
change ( 2 5 ) .
Method:
A v e in  in  the c u b i t a l  f o s s a  i s  s e l e c t e d ,  and 10 c . c .  o f  a 
1 $  s o l u t i o n  o f  rose bengal in  p h y s io lo g ic a l  sodium c h lo r id e  
s o l u t i o n  i s  i n j e c t e d ,  and the n eed le  washed through s lo w ly  w ith  
from 5 to 10 c . c .  o f  s a l t  s o lu t io n ,  which i s  held  ready in  a 
f r e s h  s y r in g e .  The n e e d le  i s  l e f t  in  the v e in ,  and a t  e x a c t ly  
2 m inutes a f t e r  i n j e c t i o n  o f  the dye, a sample o f  b lood  (10  c . c . )  
i s  withdrawn from the n e e d le  in to  a c le a n  s y r in g e  a id  d isch arged  
in to  a c e n tr i f u g e  tube c o n ta in in g  a few c r y s t a l s  o f  potassium  
o x a l a t e .  The tube i s  c a r e f u l ly  in v e r te d  two or th r ee  t im e s .
The n e e d le  i s  aga in  washed by s lo w ly  i n j e c t i n g  from 5 to  10 c . c .  
o f  the s a l t  s o l u t i o n ,  which manoeuvre p r e v en ts  the c l o t t i n g  o f  
blood i n  the n e e d le .  At e ig h t  and s i x t e e n  m in u tes , r e s p e c t i v e l y ,  
from the time o f  i n j e c t i o n ,  sam ples o f  blood are withdrawn and 
c o l l e c t e d  in  an i d e n t i c a l  manner. The n e e d le  i s  then withdrawn  
from the v e in  in  the arm. The p a t i e n t  should be warned th a t  the  
appearance o f  the dye in  the s t o o l s  w i l l  impart to  them a 
d i s t i n c t  red c o lo u r ,  s in c e  the unexpected appearance o f  the red
s t o o l s  may cause co n s id era b le  alarm .
As soon as p o s s ib l e  a f t e r  c o l l e c t i o n ,  the  b lood sam ples are  
c e n tr i fu g e d  a t  a speed o f  2 ,0 0 0  r e v o lu t io n s  per m in u te , f o r  
t h i r t y  m in u te s .  10 c . c .  record  sy r in g e s  and 16 gauge reco rd  
n e e d le s -a r e  con ven ien t to  ca rry  out th e se  o p e r a t io n s .  Rough 
h a n d lin g  o f  the blood sam ples i s  apt to  cause some h aem oly s is  o f  
th e  red c e l l s  and to  in t e r f e r e  w ith  the  c o lo r im e t r ic  r e a d in g s .
C o lo r im e tr ic  A n a ly s is :  5 c . c .  o f  the plasma o f  each o f  the
sam ples i s  s e p a r a t e ly  mixed w ith  10 c . c .  o f  p h y s i o l o g i c a l  sodium  
c h lo r id e  s o l u t i o n .  The d i lu t e d  plasma o f  th e  two-m inute sample 
i s  p la c ed  in  the  wedge o f  a H e l l i g e  c o lo r im e te r .  T h is  i s  used  
as the  standard a g a in s t  which th e  e ig h t  and s i x t e e n  minute  
d i l u t e d  sam ples are rea d .
S in ce  th e  two-m inute sample r e p r e se n ts  th e  h ig h e s t  
c o n c e n tr a t io n  o f  th e  dye in  any in d iv id u a l  f o l lo w in g  th e  i n j e c t i o n  
o f  a f i x e d  amount o f  dye in to  the  c i r c u l a t i o n ,  i t  may be regarded  
as 100$ r e t e n t i o n ,  and th e  c o lo r im e t r ic  r e a d in g s  o b ta in ed  by 
comparing the e ig h t  minute and s i x t e e n  minute specim ens w ith  
i t  r e p r e s e n t  d i r e c t  p e r ce n ta g es  o f  dye r e t a in e d .  B efore  making 
c o lo r im e t r ic  r e a d in g s ,  i t  i s  n e c e s s a r y  to  s ta n d a r d ise  the H e l l i g e  
c o lo r im e te r  u sed , and to~ c o r r e c t  fo r  any in a c c u r a c ie s  p r e s e n t .
The c o lo r im e te r  i s  s ta n d a r d ise d  by comparing one sample o f  plasma
a g a in s t  i t s e l f ;  the read in g  should be 100 .
The c o lo r im e tr ic  read ings thus ob ta in ed  in d ic a t e  the r a t io  
between the f i r s t  or c o n tr o l  sample and the subsequent sam ples.  
This o b v io u s ly  in d ic a t e s  the speed w ith  which the  dye le a v e s  th e  
c i r c u l a t i o n .
Although the two minute sample i s  takerf as r e p r e s e n t in g  the  
h ig h e s t  c o n c e n tr a t io n  o f  the dye in  an in d iv id u a l  a t any one tim e,  
i t  i s  probable  th a t  some o f  the dye i s  removed from the  
c i r c u l a t i o n  b e fo re  the c o l l e c t i o n  o f  the two minute sample; but 
t h i s  i s  not o f  g rea t  p r a c t i c a l  importance i f  care  i s  taken to  
withdraw the b lood  at e x a c t ly  two m in u tes . Furthermore, we are 
not so much concerned w ith  the a c t u a l  q u a n t ity  o f  dye in  the  
c i r c u l a t i o n  as w ith  the r a t i o  o f  the p ercen tage  o f  dye in  
c i r c u l a t i o n  a t  two d i s t i n c t  i n t e r v a l s  o f  t im e , which in  r e a l i t y  
i s  i t s  r a te  o f  d isap p earan ce . For t h i s  reason  i t  i s  not  
e s s e n t i a l  th a t  the s o lu t io n  o f  dye in j e c t e d  be e x a c t ly  a i f o  
s o l u t i o n  nor th a t  the dose be e x a c t ly  10 c .c #  Although
c o n s id e r a b le  l a t i t u d e  may be taken i n  regard  to  the amount o f
dye i n j e c t e d ,  i t  i s  a d v isa b le  to  i n j e c t  approxim ately  100 mgm. 
in  the average s i z e d  a d u l t .  The dose may be v a r ie d  acco rd in g
to  th e  s i z e  o f  the p a t i e n t ,  but some endeavour should be made
to keep the i n i t i a l  c o n c en tr a t io n  o f  the  dye approxim ately
the same •
The dosage may be v a r ie d  from 3 c .c #  o f  a 1$ s o l u t i o n  in
c h i ld r e n  t o  15 c . c .  in  la r g e  a d u l t s .
In normal in d iv id u a l s ,  the e ig h t  minute sample i s  u s u a l ly
«
50$, v a r y in g  from 40$ to 60$, and the s i x t e e n  minute sample 
v a r y in g  from 20$ to  30$. These p e r ce n ta g es  r e p r e se n t  th e  
amount o f  dye r e ta in e d  in  the c i r c u l a t i o n .
The s i x t e e n  minute specimen may be o b ta in ed  by l e a v in g  the  
n e e d le  in  the v e in  the e n t ir e  t im e , o r  a f r e s h  ven ipu ncture  can 
be made to  o b ta in  the sample ( 2 6 ) .
R e s u l t s :
In chron ic  c h o l e c y s t i t i s  the e l im in a t io n  i s  u s u a l ly  
w it h in  normal l i m i t s ,  and the t e s t  i s  not an a id  in  the  
d ia g n o s i s  o f  the c o n d i t io n .
In c a se s  o f  o b s tr u c t iv e  ja u n d ice , c a ta r r h a l  ja u n d ice , and 
arsphenamine i c t e r u s ,  the d e lay  in  the e l im in a t io n  o f  th e  dye 
i s  alw ays very  d e f i n i t e ,  b e in g  g r e a t e s t  in  o b s t r u c t iv e  ja u n d ic e .
The t e s t  may be used as an a id  in  determ ining the patency
o f  a ch o lecyst-d u od en ostom y, as the dye can r e a d i ly  he i^ddentifie  
in  the duodenal c o n te n ts .
In c i r r h o s i s  o f  the l i v e r ,  the impairment o f  l i v e r  fu n c t io n  
i s  in  d ir e c t  r e l a t i o n  to  the amount o f  s c a r r in g  in  th e  l i v e r ,  
and to the encroachment on f u n c t io n a l  r e se r v e  o f  th e  l i v e r .
In c a rd ia c  f a i l u r e ,  tu b ercu lo u s  p e r i t o n i t i s ,  and in  
c a r c in o m a to s is  o f  the peritoneum , l i t t l e  change from normal i s  
o b ta in e d .
In m e t a s ta t ic  malignancy o f  the  l i v e r ,  the c o n d i t io n s  are  
v a r ia b le ,  and seem to  depend on the amount o f  l i v e r  t i s s u e  
which can fu n c t io n .
Chronic p a s s iv e  c o n g e s t io n  o f  th e  l i v e r  does n o t  seem to  
p reven t th e  a b so rp t io n  o f  r o se  b e n g a l ,  and the cu rves are 
w ith in  normal l i m i t s .
In ec lam p sia  and toxaem ias o f  pregnancy no r e t e n t io n  o f  the  
dye i s  found .
In g e n e r a l ,  the rose  bengal t e s t  fo r  l i v e r  fu n c t io n  g iv e s  
r e s u l t s  in  d ir e c t  p r o p o r t io n  to  the c l i n i c a l  and p a t h o lo g ic a l  
data  noted  in  regard to  th e  l i v e r .  The tech n iq u e  o f  the t e s t  
i s  s im p le  and the c o n c e n tr a t io n  o f  the dye in  the serum i s  g r ea t  
enough fo r  the e s t im a t io n s  to  be e a s i l y  perform ed.
Of a l l  the  dyes su g g es ted , ro se  b en g a l seems to  be th e  most 
s a t i s f a c t o r y ,  and to y i e l d  the most c o n s i s t e n t  r e s u l t s .  R e ten tio n  
o f  the dye i s  in v a r ia b ly  a s s o c ia t e d  w ith  h e p a t ic  d y s fu n c t io n ,  
but a n e g a t iv e  r e s u l t  does not exclud e  l i v e r  d i s e a s e .
DETOXICATION TEPTS.
The d is c o v e r y  o f  the d e t o x ic a t in g  power o f  the l i v e r  f o r  
c y c l i c  and o th e r  organic  compounds had i t s  o r ig i n  in  the 
r e se a r c h e s  o f  Wiedemann (27) who found th a t  the a d m in is tr a t io n  
o f  camphor le d  to  the appearance in  the u r in e  o f  an acid  su b sta n c e ,  
l a t e r  i d e n t i f i e d  by Schmeideberg and Myer (28 ) as cam pho-glycuronie  
a c id .  F o llow in g  on t h i s  d isco v e ry  by Schmeideberg, a whole 
s e r i e s  o f  compounds were d isco v e re d , which were capable  o f  
combining w ith  g ly e u r o n ic  a c id  in  the body a f t e r  o r a l  
a d m in is tr a t io n ,  among which may be mentioned c h lo r a l  h y d ra te ,  
o r t h o n i t r o t o lu e n e , ph en ol, p h en eth o l ,  d ic h lo r o b e n se n e , x y l o l ,  
cumol, b u t y l - c h l o r a l  hyd rate , te r eb en e , menthol and thym ol.
C lycuron ic  a c id  i s  an o x id a t io n  product o f  g lu c o s e ,  
p o s s e s s in g  the chem ical s tr u c tu r e  o f  a g lu c o s id e ,  w ith  a 
c a rb o x y l  group a t  one end o f  the carbon ch a in , and an aldehyde  
group a t  the o t h e r .
S ince the subcutaneous i n j e c t i o n  o f  g ly e u r o n ic  a c id  
le a d s  to i t s  e l im in a t io n  in  the a r in e ,  t h i s  a c id  cannot be a
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normal o x id a t io n  product o f  su gar .
In g e n e r a l ,  i t  may be s a id  th a t  in  order  th a t  a su bstance  
should  combine w ith  g ly e u r o n ic  a c id ,  i t  shou ld  c o n ta in  a 
h y d ro x y l group. Those su b stan ces  which do not c o n ta in  a 
h y d ro x y l group must f i r s t  be m odified  in  the body by o x id a t io n ,  
r e d u c t io n  or  h y d r a t io n , so th a t  a h yd roxy l group e n te r s  the 
m o le c u le .  The com bination between the two compounds then  
occu rs between the h yd roxy l group o f  the r e a c t in g  su b s ta n c e ,  and 
the hydroxyl group o f  the aldehyde atom o f  the  g ly e u r o n ic  a c id ,  
w ith  the  e l im in a t io n  o f  a m olecule o f  w a ter .
A lc o h o ls  and ph en o ls  can thus combine w ith  g ly e u r o n ic  
a c id  w ith ou t p r e lim in a ry  m o d i f ic a t io n .  Camphor, on the  
o th e r  hand, must f i r s t  be o x id is e d  to  camphrol b e fo r e  t h i s  can  
o c cu r .
G lyeuronic  a c id  i s  on ly  formed in  the body from g lu c o se  when 
th e r e  i s  p resen t  in  the organism any compound capable  o f  
u n i t i n g  w ith  i t .  Norm ally , human u r in e  c o n ta in s  a sm a ll  
amount o f  g ly eu ro n ic  a c id ,  combined w ith  p h en o l,  c r e s o l  and 
i n d o l .  To l i e n s  and S t e m ,  by t h e i r  f u r f u r o l  method o f
e s t im a t io n  found 0 .0 2 5 $  p resen t  in  normal u r in e  ( 2 9 ) .
The in g e s t io n  o f  s a l t s  o f  g ly eu ro n ic  ac id  le a d s  to  an
in c r e a s e  in  the g ly e u r o n ic  compounds in  the  u r in e ,  w ith ou t  
in c r e a s in g  the e l im in a t io n  o f  phenol and i n d o l .  On the o th er  
hand, t h i s  le a d s  to  a d im inution  o f  the su lphur e x c r e t io n  
in  the u r in e ,  and e s p e c i a l l y  o f  the e th e r e a l  s u lp h a te s .  There 
would thus appear to  be a s o r t  o f  e q u il ib r iu m  between the  
g ly e u r o n ic  and su lphur e l im in a t io n  in  the u r in e .
In view  o f  the f a c t  th a t  a whole s e r i e s  o f  t o x i c  su b sta n c es  
has been found to  be capable  o f  b e in g  e l im in a te d  combined w ith  
g ly e u r o n ic  a c id ,  and a l s o  because o f  th e  r e l a t i o n  between sulphur  
and g ly e u r o n ic  a c id  e x c r e t io n ,  i t  would seem th a t  a d e fe n s iv e  
mechanism i s  p r e se n t  in  the body whereby t o x i c  su b s ta n c e s ,  o f  
endogenous and exogenous o r ig i n ,  are e l im in a te d  in  the form, o f  
g ly e u r o n ic  ac id  compounds. The t r a c e s  which are norm ally  p resen t  
in  the  u r in e ,  and which owe t h e i r  p resen ce  to  the sm a ll  q u a n t i t i e s  
o f  p h en ol and in d o l  formed in  th e  i n t e s t i n e s ,  are  c o n s id e r a b ly  
in c r e a se d  in  some a f f e c t i o n s ,  c h i e f l y  th o se  a f f e c t i n g  the  
d i g e s t i v e  t r a c t ,  such as c o n s t ip a t io n ,  i l e u s ,  and th e  p resen ce  
o f  f o c i  o f  su p p u ra tion . In o th er  c a s e s ,  the in c r e a s e  i s  n o t  
e a s i l y  e x p la in e d  away by the  in c re a se d  form ation  o f  phen ol and 
in d o l ,  such as in  d ia b e t e s ,  pneumonia, and d is o r d e r s  o f  th e  
c i r c u l a t i o n  and r e s p i r a t i o n .
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Regarding the s i t e  o f  form ation o f  the s y n t h e s i s  o f  
g ly e u r o n ic  compounds, i t  has not been d e f i n i t e l y  e s t a b l i s h e d  
th at t h i s  i s  the l i v e r ,  though the consensus o f  o p in io n  i s  in  
favour o f  th a t  organ p la y in g  the c h i e f  p a r t ,  w h ile  o th e r  organs  
may have a s u b s id ia r y  r o l e .  There i s  a l s o  some ev id en ce  
s u g g e s t in g  th a t  the mechanism may not be i d e n t i c a l  f o r  ^11 
compounds o f  g ly e u r o n ic  ac id  (3 0 ) .
i
THE CAMPHOR TEST
As in d ic a te d  above, when camphor i s  in g e s t e d ,  i t  i s  
con ju g a ted  in  the body, presumably in  the l i v e r ,  w ith  g ly e u r o n ic  
a c id ,  which can be i d e n t i f i e d  by means o f  the r e a c t io n  d escr ib ed  
below*
Method:
The p a t i e n t  sw a llow s, in  the morning, f a s t i n g ,  2 g e l a t i n e  
c a p s u le s  each  c o n ta in in g  0 .5  gm. camphor in  the form o f  
camphorated o i l ,  and the u r in e  i s  c o l l e c t e d  in  the f o l lo w in g  
24 h o u r s .  The u r in e  p a sse d  im m ediately b e fo r e  the  t e s t  i s  a l s o  
c o l l e c t e d ,  and both  specim ens t e s t e d  fo r  the p resen ce  o f  
g ly e u r o n ic  a c id .
To 5 c . c .  o f  u r in e  in  a c e n tr i fu g e  tube i s  added 0 .2  c . c .  
ammonia, and 2 c . c .  o f  10$ b a s ic  le a d  a c e ta te  s o l u t i o n .  A 
heavy p r e c i p i t a t e  i s  formed, which c o n ta in s  a l l  the  g ly e u r o n ic  
a c id .  The tube i s  then  f i l l e d  w ith  d i s t i l l e d  w ater c o n ta in in g  
1$ ammonia, c e n tr i fu g e d ,  decanted, and washed tw ice  w ith
ammonia w a te r .  To the p r e c ip i t a t e  are now added 5 c . c .  
d i s t i l l e d  w a te r ,  and th e  whole t r a n s fe r r e d  to a t e s t - t u b e .
0 .5  c . c .  o f  a 1$ a l c o h o l i c  s o lu t io n  o f  n ap h th oresorc in  i s  
added, and to  c o l l e c t  th e  d ep o s it  which adheres to  the s id e s  
o f  the c e n t r i f u g e  tu b e , 5 .5  c . c .  o f  pure h y d ro c h lo r ic  a c id  
are added to  the l a t t e r ,  which i s  then emptied again in to
the t e s t - t u b e .  The t e s t - t u b e  i s  hea ted  on a b o i l i n g  w ater-b ath
f o r  15 m in u tes , then co o led  in  running w ater , 10 c . c .  o f  e th er
are added, and w e l l  shaken-up.
I f  the u r in e  co n ta in s  no g ly e u r o n ic  a c id ,  a l i g h t  rose  
c o lo u r  i s  o b ta in ed  in  the e th e r e a l  la y e r  which i s  the  co lou r  
o b ta in e d  when n a p h th o reso rc in  i s  h ea ted  w ith  h y d r o c h lo r ic  
a c id .
I f  g ly e u r o n ic  a c id  i s  p r e s e n t ,  the  e th e r e a l  la y e r  tak es  
on a v i o l e t  t i n t ,  the depth o f  co lou r  depending on the amount 
o f  ac id  p r e s e n t .
C erta in  p r e c a u tio n s  must be ta k en . The h y d r o c h lo r ic  
a c id  must be p u re . The n ap h th o reso rc in  must be kept in  the  
dark, or e l s e  i t  decomposes. Again, during the  h e a t in g  on the  
w a te r -b a th ,  the tube should not touch the s id e s  o f  the l a t t e r ,  
s in c e  a tem perature o f  over 100°C w i l l  cause f u r f u r o l  to  be
formed by the a c t io n  o f  the h y d ro ch lo r ic  a c id  on the g ly eu ro n ic  
a c id ,  and a red c o lo u r  thus imparted to  the s o l u t i o n .
A q u arter  o f  an hour should e la p s e  between the  a d d it io n  o f  
the e t h e r ,  and o b serv in g  the  r e s u l t ,  as the r e a c t io n  ta k es  some 
time to d e v e lo p . I f  d i f f i c u l t y  i s  exp er ien ced  in  making the  
e th e r  s e p a r a t e ,  th e  a d d it io n  o f  a l i t t l e  s a l t  w ater  w i l l  
e x p e d ite  t h i s .
T e s t - tu b e s  o f  equal diameter should always be u sed , so  
th a t  s i m i la r  depths o f  l iq u id  are compared.
The r e a c t io n  can be made a q u a n t i t a t iv e  one, by p reparin g  
the f o l lo w in g  standard s o lu t io n  corresp ond ing  to  100 mgm. o f  
g ly e u r o n ic  ac id  per l i t r e .
i f e  s o l u t i o n  o f  n e u tr a l  red . * 2 c .c *
Phenic  a l c o h o l i c  s o l u t i o n  o f
g e n t ia n  v i o l e t  1 .5  c . c .
D i s t i l l e d  water 100 c . c .
A s e r i e s  o f  standards can be made from the above s o l u t i o n ,  
and the e t h e r e a l  la y e r  compared w ith  the naked e y e .
C o lo r im e tr ic  e s t im a t io n  i s  more a c c u r a te .  The e t h e r e a l  
l a y e r  i s  p la ced  in  one cup, and the  standard in  the o th e r ,  
the l a t t e r  b e in g  s e t  a t  a depth o f  10 m i l l im e tr e s  fo r  s tr o n g
s o l u t i o n s ,  and a t  30 m i l l im e tr e s  f o r  weak s o l u t i o n s .
I f  H i s  the  depth o f  the unknown req u ired  to  match the  
s ta n d a rd , and the g ly eu ro n ic  ac id  con ten t o f  the unknown i s  
r e p r e se n te d  by X, then we have:
X .  10 or 30
TOT — H------
R e s u l t s :
Norm ally, 0 .0 1  gra. to 0 .0 4  gm. g ly eu ro n ic  ac id  per  
l i t r e  are found. During a f a s t ,  or on a m ilk  d i e t ,  the r e s u l t  
i s  n e g a t iv e ,  and r i s e s  on a meat d i e t .
fo r m a l ly ,  a f t e r  a d m in is tr a t io n  o f  camphor, the 
c o n c e n tr a t io n  r i s e s  to  0 .0 8  gm. per l i t r e  in  th e  f i r s t  four  
h ou rs , f e l l i n g  to normal 6 - 8  hours l a t e r .
C o n c lu s io n s:
There i s  a g r e a t  d i f f e r e n c e  o f  o p in io n  as to  the  
p r a c t i c a l  va lu e  o f  the camphor t e s t .  There can be ho doubt 
th a t  i t  i s  but a crude t e s t  o f  h e p a t ic  f u n c t io n ,  w h i le ,  in  
a d d i t io n ,  our absence o f  knowledge con cern in g  i t s  p r e c i s e  
mechanism d e tr a c t s  from i t s  s i g n i f i c a n c e .
Rogers (31) i n  a l a r g e  s e r i e s  o f  c a s e s ,  has found th a t  a 
dim in ished  g ly eu ro n u r ia  i s  always a s s o c i a t e d  with h e p a t i c  
d e f i c i e n c y ,  and h i s  c o n c lu s io n s  are confirmed by G autier  (32)  
who a s c r i b e s  a p r o g n o s t ic  va lue  to  the t e s t  in  f i n d in g  that  
in c i r r h o s i s  o f  th e  l i v e r ,  the t o t a l  absence o f  g ly eu ro n u r ia  
i s  a s i g n  o f  a s p e e d i l y  f a t a l  outcome. The t e s t  i s  a l s o  
advocated by Dodds (33) and by Van Dooren and D e stree  ( 2 4 ) .
On the o th e r  hand, Schmid in  a s e r i e s  o f  c a s e s ,  found the  
t e s t  o f  no v a l u e .  He says :  "Nous pensons que l ' e p r e u v e  de 
l a  g ly c u r o n u r ie  provoquee n ' e s t  pas s u s c e p t i b l e  de nous r e n s e ig n e r  
sur l a  f o n c t i o n  du f o i e ” .
The s p e c i f i c i t y  o f  the t e s t  i s  undoubted in  advanced  
l i v e r  d i s e a s e ,  but in  e a r l y  and d ou b tfu l  c a s e s ,  the r e s u l t s  
are e q u i v o c a l ,  s i n c e  a sm a l l  amount o f  l i v e r  t i s s u e  i s  
a p p a re n t ly  ab le  to  ensure the co n ju g at io n  w i th  g ly e u r o n ic  
a c i d .
THE MENTHOL TEST
The a d m in is t r a t io n  o f  menthol i s  unattended by the  
o b j e c t i o n a b l e  s u b j e c t i v e  s e n s a t io n s  accompanying the i n g e s t i o n  
o f  camphor, w h i le  symptoms o f  p o i s o n in g  are n o t o r i o u s l y  
a b s e n t .  The menthol combines with  glyctLronic a c id  i n  the  
body w ith ou t  p re l im in ary  o x i d a t i o n ,  and i s  e x c r e t e d  in  the  
u r in e  in  t h i s  form. Thus two o f  the c h i e f  o b j e c t i o n s  
a g a i n s t  the use  o f  camphor are not  p r e se n t  in  the  case o f  
m enthol .
Method.
The menthol i s  adm in is tered  in  the form o f  c a p su le s  
c o n t a i n i n g  the pure c r y s t a l l i n e  compound, 2 g .  b e in g  swallowed  
s e v e r a l  hours a f t e r  b r e a k f a s t ,  and the  u r in e  c o l l e c t e d  during  
the f o l l o w i n g  24 hours ( 3 5 ) .  The ur ine  i s  examined f o r  the  
p r e se n c e  o f  g ly e u r o n ic  acid by th e  Roger's  r e a c t i o n ,  and 
q u a n t i t a t i v e  e s t i m a t i o n  can be c a r r ie d  out  by the methods  
d e sc r ib e d  in  the c a se  o f  camphor.
R e s u l t s :
Schmid,' who examined a s e r i e s  o f  c a s e s ,  found no in s ta n c e  
in  which g ly e u r o n ic  ac id  f a i l e d  to appear in the ur ine  a f t e r  
the  a d m in is t r a t io n  o f  menthol. While,  norm ally ,  the e x c r e t i o n  
o f  g ly e u r o n ic  a c id  i s  complete w i th in  24 hours a f t e r  the t e s t ,  
in  some c a s e s ,  there  was d e la y ,  and the e l i m i n a t i o n  continued  
o ver  s e v e r a l  days, e . g .  2 days in g e n e r a l i s e d  t u b e r c u l o s i s ,
4 days in i c t e r u s  g r a v i s ,  2 days in  c a ta r r h a l  jaundice  during  
the i c t e r i c  p e r io d ,  and 2 days in s y p h i l i t i c  i c t e r u s .  In a 
f a t a l  case  o f  i c t e r u s  g r a v i s ,  a g r e a t l y  in c rea sed  g ly eu ro n u r ia  
o ccu rr ed .  T h is  would seem to  support the v iew s  o f  P ick  and 
Pohl,  th a t  in  the presen ce  o f  severe  l e s i o n s  o f  the l i v e r ,  
the form ation  o f  g ly e u r o n ic  a c id  takes  p lace  in  o t h e r  organs .
The c o n c lu s i o n s ,  quoted above by Schmid w i th  r e fe r e n c e  to  
camphor, apply  a l s o  to  menthol. No in form ation  o f  d i a g n o s t i c  
or p r o g n o s t i c  s i g n i f i c a n c e  can be o b ta in ed  by the use  o f  the  
menthol t e s t .
THE SALICYLATE TEST
When sodium s a l i c y l a t e  i s  introduced i n t o  the body, i t  
i s  e x c r e te d  in  the u r in e  combined w ith  g ly eu ro n ic  a c i d .
I f ,  however,  the l i v e r  i s  d e f i c i e n t ,  part o f  the s a l i c y l a t e  
i s  e x c r e te d  unchanged and can be i d e n t i f i e d  by chemical  
methods. The b a s i s  o f  the t e s t  i s ,  t h e r e f o r e ,  th e  same 
as the camphor and menthol t e s t s ,  o n ly ,  in s te a d  o f  examining  
fo r  and e s t i m a t i n g  the g lyeu ro n ic  a c id ,  we t e s t  f o r  the  
e l i m i n a t i o n  o f  the o r i g i n a l  compound ad m in is ter ed .
Method:
One hour a f t e r  b r e a k f a s t ,  say at  8 o ' c l o c k ,  4 e . g .  
(about 0 . 5  g r . ) o f  sodium s a l i c y l a t e  i s  swallowed and the  
u r in e  passed  between 9 and 11 o ' c l o c k ,  and between 11 and 
1 o ' c l o c k ,  c o l l e c t e d  i n  sep ara te  spec im ens.  The u r in e  i s  
added, drop by drop, to  a t e s t  tube c o n t a in in g  a 1$ s o l u t i o n  
o f  p e r c h lo r id e  o f  i r o n .  The formation o f  a v i o l e t  c o lou r  
at  the ju n c t io n  o f  the two l i q u i d s  i s  a p o s i t i v e  r e a c t i o n ,
and i n d i c a t e s  the  presence  o f  s a l i c y l a t e .
R e s u l t s :
The normal l i v e r  i s  capable o f  r e t a i n i n g  or transform ing  
4 e . g .  o f  sodium s a l i c y l a t e ,  or a t  l e a s t ,  o f  no t  a l lo w in g  i t  
to p a s s  in  such q u a n t i t i e s  as w i l l  g iv e  the r e a c t i o n  w i th  
p e r c h lo r id e  o f  i r o n .
On the o th er  hand, i f  the  l i v e r  i s  d i s e a se d  or  d e f i c i e n t  
in  i t s  f u n c t i o n ,  enough s a l i c y l a t e  i s  excreted  as w i l l  g iv e  
a p o s i t i v e  r e a c t i o n .
Roch says  o f  the t e s t  (36)  ."Elle  e s t  d'une grande s i m p l i c i t  
e t  d fune p a r f a i t e  in n o c u i t e ,  e t  dans une p r a t iq u e  deja  e tendue ,  
e l l e  nous a fo u r n i  dea r e s u l t a t s  trfcs encourageants" .
Further work should be done on t h i s  t e s t  which has  
g iv e n  such encouraging  r e s u l t s ,  and o f  which the technique  
i s  so s im ple  and c o n c l u s i v e .  I t  i s  d o u b t fu l ,  however, whether  
i t  can i n d i c a t e  the  presence  o f  e a r l y  h e p a t i c  l e s i o n s .
THE THYMOL TEST.
B e s id e s  the d e t o x i c a t i n g  power o f  the l i v e r  by means o f  
g ly e u r o n ic  a c id  descr ib ed  above,  another  mechanism has long  
been known. This i s  the union o f  aromatic  r a d i c a l s  w ith  
s u lp h u r ic  a c id ,  and t h e i r  e x c r e t i o n  in  the form o f  conjugated  
s u lp h a t e s  ( e t h e r e a l  s u lp h a te s )  i n  the u r i n e .
In the c o lo n ,  during the course  o f  d i g e s t i o n  o f  p r o t e i n s ,  
c a r b o c y e l i c  t o x i c  compounds, su ch  as ph en o l ,  c r e s o l ,  i n d o l ,  
and s k a t o l ,  are formed by the a c t io n  o f  the i n t e s t i n a l  
b a c t e r i a l  f l o r a  a c t i n g  a n a e r o b ic a l ly  on p r o t e i n s .  These  
pro d u cts  are very p o iso n ou s ,  but when' they  are u n i t e d  with  
su lp h u r ic  a c id  they l o s e  t h e i r  po ison o u s  e f f e c t .
There i s  no consensus  o f  o p in io n  as t o  which organ  i s  
p r im a r i ly  concerned i n  t h i s  chemical  p r o c e s s ,  but most o b ser v er s  
are  o f  the o p in io n ,  a l though  the exper im en ta l  ev id en ce  i s  
i n c o n c l u s i v e ,  tha t  the l i v e r  i s  c h i e f l y  r e s p o n s i b l e  fo r  the  
mechanism by which th e se  t o x i c  su b s ta n ces  are rendered innocuous.
Normally ,  the in o rg a n ic  su lp h a te s  o f  the  u r in e  form about
70$ o f  the t o t a l  sulphur e x cr e te d ,  while  the remaining 30$ 
i s  e q u a l l y  d iv ided  between the e th e r q a l  su lp h a te s  and the  
n e u t r a l  sulphur* It ,  i s ,  o f  course im p o ss ib le  to r e l y  upon 
the e x c r e t i o n  o f  e t h e r e a l  su lp h a te s  as an index o f  h e p a t ic  
f u n c t i o n ,  s i n c e  the p r o t e i n s ,  which are in g e s te d  d a i l y ,  
g iv e  r i s e  to  t h e i r  quota o f  aromatic r a d i c a l s  which i n f lu e n c e  
the q u a n t i ty  o f  the conjugated s u lp h a te s  e x c r e t e d .
N e v e r t h e l e s s ,  in h e p a t ic  d i s e a s e ,  there  have been  
observed  d is tu rb a n c es  in  the e l im in a t io n  o f  e t h e r e a l  s u l p h a t e s ,  
fo r  example, i c t e r i c  p a t i e n t s  u s u a l ly  show an in c reased  
e x c r e t i o n  o f  s k a t o l  and i n d o l ,  w h ile  the e t h e r e a l  s u lp h a t e s  
a r e ,  bo th  r e l a t i v e l y  and a b s o l u t e l y ,  in c r e a se d  in  h e p a t i c  
c i r r h o s i s  and tumours o f  the l i v e r .  I t  i s  t h e r e f o r e  pro b ab le ,  
t h a t ,  under normal c o n d i t io n s  o f  h e p a t i c  a c t i v i t y ,  the  aromatic  
compounds formed i n  the system are d im inished  in amount and 
d e s tr o y e d ,  w h i le  in  c a s e s  o f  d is tu rb a n c es  o f  the f u n c t i o n s  o f  
the l i v e r  th e se  compounds are in c r e a se d ,  and p la c ed  at  the 
d i s p o s a l  o f  the l i v e r  f o r  conjugat ion  w i th  s u lp h u r ic  a c i d .
I t  has been  found that  the a d m in is t r a t io n  o f  thymol l e a d s  to  
an in c r e a s e  in  the e t h e r e a l  su lphate  c o n ten t  o f  the  u r i n e .  
Thymol i s  m e t a - i s o p r o p y l - c r e s o l ,  and i s  e l i m in a t e d  as
th y m o l- su lp h u r ic  a c id  and as thymol-hydroquinone su lp h u r ic  
a c i d .
The a d m in is t r a t io n  o f  thymol i s  r e a l l y  a t e s t  o f  the  
power o f  the  l i v e r  to  conjugate  thymol w ith  su lp h u r ic  
a c id  and thus  in c r e a s e  the e t h e r e a l  s u lp h a te s  in  the  u r i n e .
Method:
The p a t i e n t  r e c e i v e s  a dose o f  c a s to r  o i l  t o  c l e a r
out the b o w e ls .  He i s  then kept on a known d i e t  for  2
days during which time t h e  ur ine  i s  c o l l e c t e d ,  and p reserved
w ith  a few drops o f  formaldehyde. The u r in e  i s  then analysed
• *
f o r  i t s  t o t a l  sulphur content  hy B e n e d i c t s  method and the  
e t h e r e a l  s u lp h a te s  e s t im a te d  hy P o l i n g  method. On the  
t h ir d  day, the p a t i e n t  r e c e i v e s  a capsu le  c o n t a in in g  0 . 5  g.  
thym ol.  A dose o f  o l i v e  o i l  i s  adm in is tered  to the p a t i e n t  
s e v e r a l  hours a f t e r  the thymol dose i n  order  to d i s s o l v e  the  
thymol, and in c r e a s e  i t s  absorp t io n  from the a l im entary  c a n a l .  
The u r in e  i s  c o l l e c t e d  fo r  the next  f o r t y - e i g h t  h o u rs ,  
p reserv ed  w ith  a l i t t l e  formaldehyde, and ana lysed  f o r  t o t a l  
su lphur and e t h e r e a l  s u lp h a t e s .
I f  a l l  the thymol were absorbed and i f  a l l  the  thymol
were conjugated  with  su lphur ic  a c i d ,  and none with  
g ly e u r o n ic  a c i d ,  the 0 . 5  g .  thymol would he e x c r e te d  as
0 .7666  g .  thym ol-su lp hu r ic  a c id ,  and would cause a marked 
in c r e a s e  i n  the  percentage  o f  e t h e r e a l  s u l p h a t e s .
H e s u i t s :
Kahn in  a s e r i e s  o f  cases (37) obta ined  p o s i t i v e  r e s u l t s  
in  c a s e s  o f  cancer  o f  the l i v e r ,  a tr o p h ic  c i r r h o s i s  and 
s y p h i l i s  o f  the  l i v e r  y i e l d i n g  the most marked r e s u l t s .
Thus, w h i l e ,  in  normal c a s e s ,  the e t h e r e a l  su lp h a te  p ercen tag e  
was more than doubled, the above cases  showed on ly  a s l i g h t  
i n c r e a s e  a f t e r  i n g e s t i o n  o f  thymol.
The t e s t  c o n ta in s  s e v e r a l  inherent  f a l l a c i e s  and so u r c e s  
o f  e r r o r .  In the f i r s t  p l a c e ,  h e p a t i c  c o n d i t io n s  u s u a l l y  l ea d  
to  such d i g e s t i v e  d i s tu r b a n c e s  as u p se t  the normal p u t r e f a c t i v e  
p r o c e s s e s  i n  th e  i n t e s t i n e s ,  notab ly  when th e  s e c r e t i o n  o f  
b i l e  i s  d e f e c t i v e ,  and thus l e a d  to  an u p s e t  i n  the normal  
s u lp h a te  e x c r e t i o n .  This i s  guarded a g a i n s t ,  i n  the t e s t ,  
by p l a c i n g  the p a t i e n t  on a known d i e t ,  and a n a ly s in g  the ur ine  
b e f o r e  perform ing  the t e s t .
Again, the d e t o x i c a t i n g  power o f  the l i v e r  m a n i f e s t s
i t s e l f  not  on ly  by su lp h u r ic  ac id  c o n ju g a t io n ,  but a l s o  by 
g ly e u r o n ic  a c id  c o n ju g a t io n ,  and, so fa r  as  v;e know, th ere  
may he o t h e r  mechanisms a t  work o f  which a t  presen t  we hove  
no knowledge.  In the above t e s t ,  r , s performed by Kahn, no 
note  i s  taken o f  the g ly eu ro n ic  ac id  e x c r e t i o n ,  and i t  i s  
probable  t h a t  s im ultaneous e s t im a t io n  o f  g ly eu ro n ic  ac id  and 
e t h e r e a l  su lp h a te  e x c r e t i o n  would make fo r  in c r e a se d  accuracy  
This  would make the  t e s t  r a th e r  com p l ica ted .
S u f f i c i e n t  work has not  jbeen done to  j u s t i f y  any d e f i n i t  
c o n c lu s i o n s  as to  th e  va lue  o f  t h i s  t e s t ,  but i t  does not  
appear to  hold out much hopes o f  i t s  proving  o f  any v a l u e .
6 4 .
PIGMEHTABY FUilQxIOI? TESTS.
B i l i r u b i n  i s  the most important o f  the b i l e  p igments,  
and g i v e s  the b i l e  i t s  c h a r a c t e r i s t i c  c o lo u r .  I t  i s  a 
c r y s t a l l i n e  compound, reddish  y e l lo w  in  c o lo u r ,  i n s o lu b l e  in  
w a ter ,  s o l u b l e  in  chloroform, a l c o h o l ,  and a l k a l i e s .  I t  i s  
a weak, d ib a s i c  a c id ,  and forms s a l t s .  I t  occu rs  in b i l e  as  
the a l k a l i n e  s a l t .  Chemical ly ,  i t  may be c l a s s e d  as a 
chromoprotein .
The o r i g i n  o f  b i l i r u b i n  from the haemoglobin o f  the  
blood has been  demonstrated p h y s i o l o g i c a l l y  and c h e m ic a l ly .
In l o c a l i s e d  haemorrhagic e f f u s i o n s  haematoidine  i s  formed,  
which i s  a pigment c l o s e l y  r e l a t e d  to  b i l i r u b i n .  During 
h a e m o ly s i s ,  whether o ccu rr in g  in  p a t h o l o g i c a l  p r o c e s s e s  or 
e x p e r im e n t a l ly  induced, the q u an t i ty  o f  b i l i r u b i n  in  the  
blood i s  in c re a se d  in  prop o r t io n  to  the degree o f  h a e m o ly s i s .
T r e a t in g  haematin and b i l i r u b i n  w ith  o x i d i s i n g  and 
red u c in g  su b s ta n c es  g i v e s  r i s e  to c l o s e l y - r e l a t e d  chem ica l  
compounds. Thus, by r e d u c t io n  o f  haematin,  v a r io u s  b o d ie s
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c o n t a in in g  the p y r r o l  nucleus  are ob ta in ed .  The o x id a t io n  
o f  haematin or  b i l i r u b i n  g i v e s  r i s e  to  a t r i b a s i c  haematinic  
a c id .  The c h i e f  d i f f e r e n c e  between haematin and b i l i r u b i n  i s  
that  the former c o n ta in s  iron* which i s  absent in  the l a t t e r .  
S c h e m a t ic a l ly ,  the fo l lo w in g  equation  r e p re sen ts  the r e l a t i o n  
between t h e s e  two bod ies :
Haematin +  2HgO * B i l i r u b in  +  F e
I t  was form erly  thought that th e  s o l e  s e a t  o f  o r ig i n  
o f  the b i l e - p ig m e n t s  was the h e p a t ic  s e c r e t i n g  c e l l ,  
decent  work has thrown doubt on t h i s  concep tion ,  and tended 
to  show th a t  the b i l e  pigments may a l s o  have an e x t r a - h e p a t i c  
o r i g i n .  The f o l l o w in g  are the c h i e f  arguments i n  favour  o f  
the modern view:
1. The blood co n ta in s  an amount o f  b i l i r u b i n  which i s  
kept r e l a t i v e l y  constant  by the continuous h e p a t ic  
e x c r e t i o n  o f  b i l i r u b i n .  In b i l i a r y  o b s t r u c t io n  
b i l i r u b i n  accummulates in  the b lood ,  and when i t  
exceeds  a c e r t a i n  l i m i t ,  i s  ex cre ted  by the k id n ey s .
Thus b i l i r u b i n  behaves l i k e  a substance having  a 
th r e s h o ld  o f  e x c r e t i o n .  These f a c t s  are d i f f i c u l t  
to  r e c o n c i l e  w ith  the theory o f  the h e p a t ic  o r i g i n  
o f  the b i l e  pigments,  and i t  would-be n e c essa ry  to 
p o s t u l a t e  that  the h e p a t ic  c e l l  e l im in a te d  i t s  
pigment by two d i s t i n c t  r o u t e s ,  b i l i a r y  and v a s c u la r .
2. C erta in  h e p a t i c  p o iso n s  can cause  jaun d ice .  I t  would
appear from t h i s  that  the damaged h e p a t ic  c e l l  produces  
an abnormal amount o f  b i l e - p i g m e n t s , u n l e s s  one*were 
to  invoke the con cep t io n  o f  a break in  the c o n t i n u i t y  
o f  the b i l e - c a p i l l a r i e s ,  a l lo w in g  the b i l e  to  e n ter  
the c i r c u l a t i o n  d i r e c t l y .
3. In c e r t a i n  an im als ,  jaundice has been produced a f t e r  
complete  hepatectorny. The jaundice i s ,  however,  
a d m it te d ly  very  s l i g h t ,  and the experiments have not  
been confirm ed.
A f te r  the b i l e  reaches  the  i n t e s t i n e s ,  i t  i s  i n  part  
e x c r e te d  in  the form o f  s t e r c o b i l i n ,  and in part  re -absorbed ,  
and, r e a c h in g  the l i v e r ,  i s  again e x c r e te d ,  t h i s  p r o c e s s  
forming an e n t e r o - h e p a t i c  c i r c u l a t i o n .  The exact f u n c t io n  
o f  the pigments i s  but l i t t l e  understood.  They behave l i k e  
w a ste -p ro d u c ts  which the body i s  c o n s ta n t ly  e x c r e t i n g .  They 
a r e ,  in  f a c t ,  t o x i c ,  from f i v e  to t en  t im es  more t o x i c  than  
the b i l i a r y  s a l t s .  They lower the temperature,  and can 
g ive  r i s e  to  v a r io u s  nervous m a n i f e s t a t io n s .
THE VAN DEN BERGH REACT 1011.
The modem concep tion  o f  the o r i g i n  o f  the b i l e  pigments  
o r i g i n a t e d  w i t h  the work o f  Van den Bergh ( 2 8 ) ,  and i t  i s  now 
assumed, on exper im en ta l  e v id en ce ,  tha t  i t  i s  the r e t i c u l o ­
e n d o t h e l i a l  system o f  c e l l s  which convert the blood pigments in to  
b i l e  p igm en ts .  This system o f  c e l l s  i s  w ide ly  spread throughout  
the body and the c e l l s  are p a r t i c u l a r l y  abundant in the s p le e n ,  
which i n d i c a t e s  the  p o s s i b i l i t y  o f  s p e c i a l i s e d  f u n c t i o n a l  
a c t i v i t y  o f  p a r t s  o f  the system. The k u p ffer  c e l l s  o f  the  
l i v e r  are a l s o  a part  o f  the r e t i c u l o - e n d o t h e l i a l  sys tem .
The haemoglobin in  the blood stream i s  thus converted  into'
b i l e  in  the k u p f fe r  c e l l s ,  which normally pass  i t  on through
r
the p o ly g o n a l  c e l l s ,  to  the lumen o f  the b i l e  c a p i l l a r i e s .
The f u n c t i o n s  o f  the po lygona l  c e l l s ,  t h e r e f o r e ,  are simply
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t r a n s m is s io n ,  and they  are not e s s e n t i a l l y  concerned w ith  
the p rod u ct io n  o f  p igm ents .
I t  i s  thus  p o s s i b l e  to  have jaundice a r i s i n g  in  one o f  
three  ways:
1.  Where o b s t r u c t i o n  o f  the b i l e  t r a c t  prevents  the escape  
through th e  n a t u r a l  chann els .  The b i l i r u b i n  so formed w i l l  
then be reabsorbed in t o  the b lood-stream , t o  be su bseq uent ly  
e x c r e te d  in  the u r i n e .  .■*
2. Where the p o ly g o n a l  c e l l s  l o s e  t h e i r  power o f  t r a n s m i t t in g  
pigment t o  the c a p i l l a r i e s ,  w ith  the r e s u l t  tha t  i t  p a s s e s  
d ir e c t  from the k u p ffer  c e l l s  to  the b lo o d -s trea m .  A s i m i la r  
s e r i e s  o f  even ts  might a r i s e  i f ,  through e x c e s s i v e  b lood -
d e s t r u c t i o n ,  more pigment were o f f e r e d  than the p o ly g on a l  
c e l l s  cou ld  p a s s  through. Some would then be absorbed d i r e c t  
in to  th e  b lo o d -s tre a m ,  and the r e s t  would pass normally  in to  
the b i l i a r y  p a s s a g e s .
2 .  Where th e re  i s  a combination o f  th e se  two c o n d i t i o n s .  That 
i s  to say,  a l thou gh  the po lygona l  c e l l s  a r e  damaged, some 
b i l i r u b i n  might pass  through in t o  the b i l i a r y  p a s s a g e s ,  from 
which, owing to  o b s t r u c t i o n ,  i t  would be absorbed in to  th e  
b lo o d -s tr e a m .  In a d d i t io n  t o  t h i s ,  there  would be d ir e c t  
a b so rp t ion  from the k u p ffer  c e l l s .
Thus, in  p u re ly  o b s t r u c t i v e  jaundice the b i l i r u b i n  has  
passed through the po lygon a l  c e l l s  o f  the l i v e r ,  but i t  i s  
p o s s i b l e  t o  have i c t e r u s  due to  b i l i r u b i n  which has n o t  passed
t h r o u g h  t h e s e  c e l l s .
A c c o r d in g ly ,  th e  f o l l o w i n g  c l a s s i f i c a t i o n  o f  j a u n d i c e  i s  
now g e n e r a l l y  a c c e p t e d  ( 3 9 ) .
1 .  O b s tr u c t iv e  Hepatic  J a u n d ic e : -  This v a r i e t y  a r i s e s  in
f
the l i v e r  by o b s t r u c t i o n  e i t h e r  temporary or permanent, gradua l  
or sudden, o f  the b i l e  p a s s a g e s ,  for  example in  c a s e s  o f  
impacted c a l c u l u s ,  or neoplasm in the common b i l e  duct .
2 .  Toxic and I n f e c t i v e  Hepatic  J a u n d ic e : -  
This in c lu d e s  the jaundice  which occurs:
(a) As a c o m p l ic a t io n  o f  many acute f e v e r s  -  pneumonia, typh o id ,  
s p i r o c h a e t a l  ja u n d ic e .
(b) A f te r  the a d m in i s t r a t io n  o f  c e r t a i n  drugs -  chloroform ,  
s a l v a r s a n ,  phosphorus.
(c)  A f te r  damage to  the l i v e r  c e l l s  o f  an unknown kind -  acute  
and subacute atrophy o f  the l i v e r .
(d) A f t e r  many g en e ra l  c o n d i t i o n s  o f  i n f e c t i o n  and toxaemia -  
acute  s e p s i s ,  c a r d ia c  v a l v u l a r  d i s e a s e  w ith  "b ack -p ressu re" .
3.  Haemolytic  J a u n d ic e : -  This  in c lu d e s  the group o f  " l i v e r -  
sp le e n  d i s e a s e s " ,  -  p e r n i c i o u s  anaemia, s p l e n i c  anaemia, B a n t i ' s  
d i s e a s e ,  in  some o f  which the i c t e r u s  i s  d e f i n i t e ,  in  o t h e r s ,  o f  
the l a t e n t  t y p e .
The Van den Bergh r e a c t i o n  was o r i g i n a l l y  in trodu ced  by Van 
den Bergh as a means o f  d i f f e r e n t i a t i n g  the v a r io u s  types  o f  
jaun d ice ,  and was l a t e r  extended to  g i v e  a q u a n t i t a t i v e  
e s t i m a t i o n  o f  b i l i r u b i n  in  the b lo o d .  The r e a c t i o n  depends  
on the f a c t ,  f i r s t  noted by E h r l ic h  th a t  b i l i r u b i n  when d i s s o l v e d  
in chloroform  or a l c o h o l ,  g i v e s  w ith  diazonium s a l t s  a red d ish  
c o lo u r  in  n e u t r a l  s o l u t i o n ,  and a b l u i s h  co lou r  in  a c id  s o l u t i o n .  
Van den Bergh found t h a t  no o ther  substance  l i k e l y  to be p resen t  
in the  b loo d ,  w i l l  g iv e  the  r e a c t i o n ,  and he has  never  d e te c te d  
any substance  in  human serum, excent  b i l i r u b i n ,  which gave the 
r e a c t i o n .  B i l v e r d i n  does not r e a c t  to  the t e s t .  In a d d i t io n ,  
l u t e i n  which in  c e r t a i n  d i s e a s e s  may deeply c o lo u r  human blood  
serum, and even g i v e  the appearance o f  jaundice  to  the s k in ,  
does not  g iv e  a p o s i t i v e  r e s u l t .
Method:
The exam ination  must be made w i t h i n  about two hours o f  
ta k in g  the b lo o d ,  or  anomalous r e s u l t s  may be o b t a in e d .  Thus 
se ra  which gave a prompt d i r e c t  r e a c t i o n ,  when t e s t e d  
immediately  a f t e r  w ithdraw al,  gave a slow and long-drawn out  
r e s u l t  when r e t e s t e d  twenty four hours l a t e r  ( 4 0 ) .  D i f f e r e n c e s
in  r e a c t i o n  to  the  a c id  or a l k a l i n e  s i d e  are a l s o  o f  g r e a t  
importance i n  the  development o f  the c o lou r  o f  t h e  azo-  
b i l i r u h i n  compound. Haemolysis  a l s o  i n t e r f e r e s  w i th  the  
c o l o u r - r e a c t i o n  o f  the t e s t ,  so tha t  o x a la t e d  plasma should  
always he u sed .
About 10 c . c .  o f  blood are c o l l e c t e d  in  an o x a la t e d  tu b e .
The l a t t e r  i s  prepared by adding 0 . 2  c . c .  o f  10$ potass ium  
o x a la t e  s o l u t i o n ,  and e v aporat in g  to  dryness during the p r o c e s s  
o f  s t e r i l i s a t i o n .  The o x a l a t e  i s  in  t h i s  way f i n e l y  d i s t r i b u t e d  
over a la r g e  s u r f a c e ,  and w i l l  prevent  c o a g u la t io n  i f  shaken.
The tube c o n t a i n i n g  the b lood  i s  c e n t r i f u g e d ,  and the c l e a r  
supernatant  f l u i d  i s  p i p e t t e d  o f f .
The f o l l o w i n g  s o l u t i o n s  are required
( l )  A f r e s h l y  prepared s o l u t i o n  o f  H h r l i c h ' s  d iazo  r e a g e n t .
This i s  made by mixing the two fo llow in g  so lu t io n s  immediately 
before the t e s t : -
The a c t u a l  reagent  i s  made immediately  p r i o r  to  the  t e s t  by
A. S u l p h a n i l i c  Acid  
Concentrated HC1 
. D i s t i l l e d  Water.
1 g*
15 c . c .  
1 ,0 0 0  c . c .
B. Sodium N i t r i t e  
D i s t i l l e d  Water
0 . 5  g .  
100 c . c .
mixing i n  the p r o p o r t io n s  o f  25 c . c .  o f  s o l u t i o n  A, t o  0 .7 5  c . c .  
of  s o l u t i o n  B.
(2)  Abso lute  or 96/b a l c o h o l .
1• The D ir e c t  React ion:
Three Small tubes  are s e t  up, numbered 1 ,  2,  and 3, and
0 .2 5  c . c .  o f  o x a la t e d  plasma i s  p ip e t t e d  i n t o  each .  To the  
f i r s t  tube ,  the c o n t r o l ,  0 . 2  c . c  o f  water i s  added w hile  in to  
No. 3, a sm a l l  f l a k e  o f  c a f f e in e - s o d iu m  s a l i c y l a t e  i s  dropped, 
which i s  s a id  to  a c c e l e r a t e  the  development o f  the c o lo u r - c h a n g e . 
A fter  the s a l t  has been d i s s o l v e d  by sh ak in g ,  0 . 2  c . c .  o f  f r e s h  
diazo reagent  i s  added, and any r e s u l t a n t  c o lo u r  change a l low ed  
to  reech  i t s  maximum. 0 . 2  c . c .  o f  the  d iazo  reagent  i s  then  
added to  tube No. 2, and any a l t e r a t i o n  in c o lo u r  i s  compared 
with the f u l l y  deve loped  r e a c t i o n  in tube No. 3.
One o f  three  e v e n t s  may occur in  tube 2 .
(a) An immediate d i r e c t  r e a c t i o n : -
This b e g in s  a t  once ,  and r e a c h e s  a maximum in 10 to  30 s e c o n d s .  
The mixture turns to  a b l u i s h - v i o l e t  c o lo u r ,  the i n t e n s i t y  
v ary in g  as the c o n c e n tr a t io n  o f  b i l i r u b i n .
(b) A delayed d i r e c t  r e a c t i o n : -
This begins  a f t e r  1 to  15 m inutes ,  or even lo n g e r ,  and c o n s i s t s  
in  the development o f  a reddish  c o l o r a t i o n ,  which g r a d u a l ly  
deepens,  and becomes more v i o l e t .
(c)  A b ip h a s ic  r e a c t i o n : -
In t h i s ,  a s l i g h t  red d ish  co lou r  appears immediate ly  ( ten  to  
t h i r t y  s e c o i id s ) ,  which a f t e r  a minute,  or  much lo n g e r  t ime,  
i s  seen to  deepen g r a d u a l ly ,  and become more v i o l e t .
According as the r e a c t i o n  approaches more c l o s e l y  to  the  
prompt or de layed  t y p e s ,  a d i v i s i o n  i s  made in t o  b ip h a s ic  
prompt and b ip h a s ic  de layed  r e a c t i o n s .
The above time l i m i t s  fo r  the r e a c t i o n s  to  appear are  
q u ite  a r b i t a r y  and d i f f e r e n t  o b ser v er s  o b ta in  v a r y in g  r e a c t i o n -  
t im e s ,  depending on the r e a g e n ts  u sed .  U l t i m a t e l y ,  the  
i n t e r p r e t a t i o n  becomes a matter  o f  i n d i v i d u a l  e x p e r i e n c e .
(2) The I n d i r e c t  R e a c t i o n .
I f  an immediate d i r e c t  or de layed  d i r e c t  r e a c t i o n  i s  not 
o b ta in e d ,  the i n d i r e c t  r e a c t i o n  should be proceeded w i t h .
To 1 c . c .  o f  plasma, 0 . 5  c . c .  o f  d iazo  reag en t  i s  added,  
and a f t e r  a minute or s o ,  2 . 5  c . c .  o f  96$ a l c o h o l  and 1 c . c .  
s a t u r a t e d  aqueous ammonium su lp h a te  s o l u t i o n  are added.
A fte r  thorough mixing,  the tube and c o n t e n t s  are c e n t r i f u g e d ,  and 
the supernatant  c l e a r  f l u i d  can be used f o r  q u a n t i t a t i v e  
c o lo r im e t r i c  a n a l y s i s .  I f  the co lou r  be too deep,  i t  may be 
d i l u t e d  w ith  a l c o h o l ,  two p a r t s  t o  one o f  the s o l u t i o n .
A la y e r  o f  c l e a r  ammonium su lph ate  s o l u t i o n  i s  l e f t  at  
the bottom o f  t h e . c e n t r i f u g e  tube,  above t h i s ,  a white  albuminous  
p r e c i p i t a t e ,  and on the s u r f a c e ,  the c l e a r ,  r e d d i s h - v i o l e t  
a l c o h o l i c  s o l u t i o n  o f  a z o - b i l i r u b i n *
Quan t i t a t i v e  A n a l y s i s :
The i n d i r e c t  r e a c t i o n  nay be converted  i n t o  a q u a n t i t a t i v e  
p r o c e s s  by matching a g a in s t  a standard o f  f e r r i c  th io c y a n a te  
in  e t h e r .  This s o l u t i o n  i s  made up a s  f o l l o w s : -
D i s s o l v e  0 .1 5 0  g .  o f  ammonium iro n  alum in  50 c . c .  o f  
con cen tra ted  HC1, and add water to  100 c . c .  The r e s u l t i n g  
s o l u t i o n  i s  q u i te  s t a b l e .  To 10 c . c .  o f  t h i s  s o l u t i o n  add 
25 c . c .  o f  c o n c en tr a ted  HC1, and water up to  250 c . c .  This  
g i v e s  a d i l u t i o n  o f  1 in  8 ,0 0 0  N, which keeps f o r  about s i x  months.  
To 3 c . c .  o f  t h i s  s t o c k  s o l u t i o n ,  an equa l  volume o f  20c/o  
potass ium  th io c y a n a te  s o l u t i o n  i s  added, ahd the r e s u l t a n t  
mixture i s  w e l l  shaken, and e x tr a c t e d  w ith  12 c . c .  o f  e t h e r .
The e t h e r e a l  e x t r a c t  i s  used as the standard,  ana the s o l u t i o n  
obta ined  i n  the i n d i r e c t  t e s t  i s  matched a g a in s t  i t .  This  
standard corresponds to  a c o n c e n tr a t io n  o f  1 in  32 ,000  IT o f  
b i l i r u b i n ,  i . e .  1 in  200 ,000  a z o - b i l i r u b i n .  An i n d i r e c t  t e s t ,  
c o n ta in in g  e x a c t l y  the same amount o f  c o lo u r  as the standard,  
i s  s a id  to  c o n ta in  1 u n i t  o f  b i l i r u b i n .
A new a r t i f i c i a l  s o l u t i o n  has been su g g es ted  by Van den 
Bergh & M ul ler ,  on account o f  var iou s  d i f f i c u l t i e s  encountered  
in u s in g  the e t h e r e a l  standard s o l u t i o n .  The new standard i s  
made by d i s s o l v i n g  2 .1 6 1  g .  o f  anhydrous c o b a l to u s  su lp h a te  in  
100 c . c .  o f  water thus g i v i n g  a s o l u t i o n  which corresponds in  
co lou r  w i th  a z o - b i l i r u b i n  s o l u t i o n  o f  1 in  2 0 0 ,0 0 0 ,  i . e .  one 
u n i t .  The s a l t  must be anhydrous, and the standard s o l u t i o n  
should be checked a g a i n s t  the one a lread y  d e sc r ib ed ,  and 
s tored  i n - t h e  dark.  In t h i s  way, i t  i s  a v a i l a b l e  at any 
t ime,  w ithout  d e t e r i o r a t i o n  ta k in g  p l a c e .
Any s im ple  form o f  c o lo r im e t e r  may be u sed ,  but even w i th  
the b e s t  t e c h n iq u e ,  the r e s u l t s  are o f  a a  accuracy  which i s  
adequate f o r  c l i n i c a l  purposes  o n l y .  There are v a r io u s  f a l l a c i e  
which preven t  a c o m p le te ly  a c cu ra te  e s t i m a t i o n  o f  the whole o f  
the b i l i r u b i n  p r e se n t  i n  any serum. One o f  the c h i e f  o f  th ese
. depends on the  f a c t  t h a t  some b i l e  pigment i s  always e a r r ie d  
down in  the  albuminous p r e c i p i t a t e  when a l c o h o l  i s  added.
The amount, however,  i s  always s m a l l ,  and i s  g r e a t e r  in c a se s  
o f  o b s t r u c t i v e  than o f  n o n - o b s t r u c t iv e  ja u n d ic e .
An important p o in t  in  the c o l o r i m e t r i c  t e s t  i s  to  take  
note  o f  the amount o f  d i l u t i o n  o f  the serum n e c e s s a r y  i n  the 
v a r io u s  § te p s  o f  the t e s t .  The d i l u t i o n  o f  the o r i g i n a l  
serum i s  one f i f t h ,  and t h i s  must be taken  i n t o  c o n s i d e r a t io n  
in  making the f i n a l  c a l c u l a t i o n .
R e su l t s o f  the T e s t .
This  t e s t  has e s t a b l i s h e d  the f a c t  th a t  normal human blood  
serum always c o n t a in s  a s m a l l  amount o f  b i l i r u b i n ,  which i s  
only d e te c te d  by the i n d i r e c t  r e a c t i o n .  Taking as the  
u n i t  o f  b i l i r u b i n  the f i g u r e  1 in  2 0 0 ,0 0 0 ,  the  normal  
p h y s i o l o g i c a l  l i m i t  f o r  the b i l i r u b i n  content  o f  human b lo o d -  
serum i s  found to  be between 0 . 2  and 0 . 5  u n i t .
The t h r e s h o ld  va lue  o f  the kidney f o r  b i l i r u b i n  i n  
o b s t r u c t i v e  h e p a t i c  c o n d i t i o n s  has been found to  be 4 u n i t s .  
Below t h i s  f i g u r e  b i l i u r i a  i s  a b s e n t ,  and a c o n d i t i o n  o f  
l a t e n t  o b s t r u c t i v e  jaundice  e x i s t s .
The immediate d i r e c t  r e a c t io n  i s  g iv e n  only  by b i l i r u b i n  
which has passed through the p o ly g o n a l  c e l l s  o f  the l i v e r  in to  
the b i l e  c a p i l l a r i e s ,  and has then been reabsorbed in to  the  
blood .  Hence, an immediate d i r e c t  r e a c t i o n  i n d i c a t e s  the 
p resen ce  o f  o b s t r u c t i v e  jaundice ,  whether t h i s  be caused by 
a s t o n e  in  the common b i l e - d u c t ,  by tumours, en larged  g lands  
in  the p o r t a l  f i s s u r e ,  h e p a t i c  c i r r h o s i s ,  e t c .
The delayed d i r e c t ,  or the i n d i r e c t  r e a c t i o n  i n d i c a t e s  a 
h a e m o ly t ic ,  or n o n - o b s t r u c t i v e  cause  fo r  the ja u n d ic e .  I t  
must be n o te d ,  however,  th a t  a l l  se ra  g i v i n g  a p o s i t i v e  d i r e c t  
r e a c t i o n ,  w i l l  a l s o  g ive  an i n d i r e c t  r e a c t i o n ,  though the  
r ev e rse  i s  n o t  n e c e s s a r i l y  t r u e .  Thus, p e r n i c i o u s  anaemia,  
except  in  the s ta g e  o f  rap id  temporary improvement, g i v e s  th e  
delayed  d i r e c t  or i n d i r e c t  r e a c t i o n ,  and can thus be 
d i s t i n g u i s h e d  from t h e  secondary anaemias, and a l s o  from a 
frank o b s t r u c t i v e  ja u n d ic e .
The b ip h a s ic  r e a c t i o n  i s  g iv e n  where th e re  i s  a combination  
o f  o b s t r u c t i v e  and f u n c t i o n a l  c a u se s  a t  work, and i n c lu d e s  the 
l a r g e  ca te g o ry  o f  t o x i c  and i n f e c t i v e  h e p a t i c  j a u n d ic e .  As 
t h i s  i s  the  commonest form o f  jaundice  o c cu rr in g  c l i n i c a l l y ,  
very l i t t l e  in form ation  o f  d i a g n o s t i c  or p r o g n o s t i c  value  i s
obta ined  by t h i s  r e a c t i o n  ( 4 0 ) .
In some d i s e a s e s ,  f o r  example, c a ta r rh a l  jaun dice ,  subacute  
l i v e r  atrophy ,  card iac  f a i l u r e  w ith  h e p a t i c  enlargement,  the  
r e a c t i o n  may pass through a l l  the s t a g e s ,  from co m p le te ly  
delayed to prompt d i r e c t ,  as the  d i s e a s e  p r o g r e s s e s .  This  
i s  smother g r e a t  weakness o f  the t e s t ,  from the d i a g n o s t i c  
v ie w p o in t .
Some o f  the advantages  o f  the t e s t  may be summarised as  
f o l lo w s :
1. I t  i s  the most d e l i c a t e  t e s t  known fo r  the d e t e c t i o n  o f  
b i l i r u b i n  in  the b lo o d .
2. I t  i s  not  g iv e n  by any o th e r  y e l lo w  su b s ta n c e s  which may 
c o lo u r  the p lasma.
3. I t  g i v e s ,  w i th in  c e r t a i n  l i m i t s ,  important q u a l i t a t i v e  
d i s t i n c t i o n s  between c e r t a i n  forms o f  ja u n d ic e .
4 .  I t  can be used f o r  a q u a n t i t a t i v e  e s t i m a t i o n  o f  b i l i r u b i n .
5. I t  i s  o f  g r ea t  p r a c t i c a l  v a lu e  in  the d e t e c t i o n  o f  l a t e n t  
jaundice .
By l a t e n t  jaundice  i s  understood a r e t e n t i o n  o f  b i l e  
pigment (and f r e q u e n t ly  o f  b i l e  a c id s  as w e l l )  in  the  b lo o d -  
serum, i n s u f f i c i e n t  in  amount to  c o lo u r  the s k in  and mucous 
membranes, and not  g i v i n g  r i s e  to  b i l i u r i a .  The absence  o f  b i l e  
in  the u r in e  p r e - s u p p o s e s , in  the case  o f  l a t e n t  o b s t r u c t i v e
ja u n d ice ,  an amount o f  b i l i r u b i n  in  the blood o f  l e s s  than 
4 u n i t s .  In the case  o f  l a t e n t  haem o ly t ic  jaun d ice ,  t h i s  does 
not h o ld ,  a s  b i l i r u b i n  i s  not e x cr e te d  by the kidney in  
h aem oly t ic  c o n d i t i o n s .
I t  must be adm itted  that  the hopes o r i g i n a l l y  e n t e r t a in e d  
for  the va lue  o f  the t e s t  have not  been s u b s t a n t i a t e d ,  and as a 
d i a g n o s t i c  measure,  i t  has very  l i m i t e d  a p p l i c a t i o n .  Thus in  
a p a r t i c u l a r  c a s e ,  i f  there  i s  a q u es t io n  o f  d i a g n o s i s  between  
c a ta r r h a l  jaundice  and stone  as a cause  for  the i c t e r u s ,  a w e l l -  
marked i n d i r e c t  r e a c t i o n  would i n d i c a t e  c a ta r r h a l  jaundice  
ra th er  than s t o n e ,  while  the pre ten ce  o f  a d i r e c t  r e a c t i o n  
might mean e i t h e r .
From the p o in t  o f  view o f  p r o g n o s i s ,  no value  a t t a c h e s  
to the t e s t .
THE BILIRUBINAEUIA TEST.
1. Van den B ergh 's  I n d ir e c t  R eact ion .
This method i s  d e sc r ib ed  under the  techn ique  o f  Van 
den Bergh T e s t .
2. Icterus Index.
In t h i s  method, i t  i s  assumed that  the y e l l o w  c o lo u r  
o f  the serum i s  due to b i l i r u b i n  a l o n e .  The method was 
o r i g i n a l l y  in troduced  by Meulengracht (41) and extended by 
Llave (42)  and Bemheim ( 4 3 , 4 4 ) .
Method:
The standard c o n s i s t s  o f  a 1 in 1 0 ,0 0 0  s o l u t i o n  o f  
potass ium  bichrom ate ,  which i s  p la ced  i n  one cup o f  the
c o lo r im e t e r ,  and s e t  a t  15 mm. depth .  I n t o  the o ther  cup i s
p laced  the aerura. I f  the depth o f  the unknown r eq u ired  to  
match the standard i s  x nan., the I c t e r u s  Index i s
Normal serum g i v e s  an i c t e r u s  index  v a r y in g  from 4 to  6.
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Z .  B i l i a r y  Index o f  the Plasma ( 4 6 ) .
In t h i s  method the c o lo u r  of  the plasma i s  compared 
with  a s o l u t i o n  o f  potass ium  bichrom ate .
Method:
The b lo o d  i s  withdrawn in to  a graduated c e n t r i f u g e  
tube c o n t a in in g  2 c . c .  o f  potass ium  o x a la t e  s o l u t i o n ,  and
c e n t r i f u g e d  t i l l  c l e a r .  The l e v e l s  o f  the c o r p u s c l e s  and
plasma are read o f f ,  and the plasma i s  then compared c o l o r i ­
metric  a l l y  w i th  the f o l l o w i n g  s tandard .
1 in  10 ,00 0  s o l u t i o n  o f  potass ium  bichromate 100 c . c .
1 in 10 ,0 0 0  s o l u t i o n  o f  orange-pear  2 c . c .
A c o r r e c t io n  has to  be made f o r  the o x a l a t e .  The
t o t a l  volume in  the tube ,  V . t . ,  and the volume o f  c o r p u s c l e s ,
V.g .  be ing  known, the volume o f  o x a la te d  plasma i s  V . t .  -
V .g . ,  and the volume o f  the plasma i s  V . t .  -  V.g.  -  2  c . c .
The c o l o r i m e t r i c  read ing  must be m u l t i p l i e d  by the
f r a c t i o n  -  Qx&l&ted plasma 0 r V . t .  -  V .g .
plasma V . t .  -  V . g . -  2
Normally, the B i l i a r y  In d e x .o f  the Plasma v a r i e s  between  
1 .6  and 1 . 6 .
4 .  R o u i l l a r d  (47)  and Wauthier (48) compare the o x a la te d
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plasma w ith  a 1 in  5 ,0 0 0  s o l u t i o n  o f  potass ium  b ichrom ate .  The 
s o l u t i o n s  are p laced  in  two Gowers haemoglobinometer tu b e s ,  
and the plasma d i lu t e d  t i l l  a match i s  o b t a in e d .
f l e s u l t s  o f  the B i l i r u b in a e m ia  T e s t .
The amount o f  b i l i r u b i n  in  the b lood  depends on va r io u s  
f a c t o r s ,  haemic,  h e p a t i c  and b i l i a r y .  C l i n i c a l l y ,  i t  i s  
e x c e p t i o n a l  fo r  only one o f  t h e s e  f a c t o r s  to be at  f a u l t .
Thus in typhoid  f e v e r  or in  pneumonia the t o x i n s  e la b o ra te d  
l ead  to  h y p e r b i l i r u b in a e m ia  by c a u s in g  degen era t io n  o f  the 
h e p a t i c  c e l l s ,  and a l s o ,  though in  l e s s e r  degree ,  by 
h a e m o ly s i s .  C o n verse ly ,  i t  i s  d i f f i c u l t  to  co n c e iv e  o f  a 
t o x i c  or h ae m o ly t ic  i c t e r u s  without p a r t i c i p a t i o n  o f  the  l i v e r .  
S i m i l a r l y ,  o b s t r u c t i v e  j a i n d i c e ,  a t . f i r s t  a c t i n g  e n t i r e l y  
m e c h a n ic a l ly ,  l a t e r  l e a d s  to  h e p a t i c  d e g e n e r a t io n ,  thus  
s e c o n d a r i ly  i n c r e a s i n g  the i c t e r u s .
H ypob il irub inaem ia  i s  found in  secondary anaemias,  and 
a f t e r  a very s e v e r e  haemorrhage. I t  i s  most marked in  
r ep ea ted ,  though s m a l l ,  haemorrhages such as occur in  g a s t r i c  
and duodenal u l c e r .  I t  a l s o  occurs  in  malignapt d i s e a s e  
through the t o x i c  a c t i o n  on the blood e le m e n ts ,  provided the
l i v e r  i s  not the organ a f f e c t e d .
In c h lo r o s i s  and in  mild a p l a s t i c  anaem ias, the  
h i l i r u h i n  i s  d ecrea sed . In kidney a f f e c t i o n s  i t  i s  a l s o  
s l i g h t l y  below norm al, p a r t ly  on account o f  the hydraemia, 
and p a r t ly  due to in c r e a se d  r e s i s t a n c e  to d i s in t e g r a t io n  
o f  the red c e l l s  which i s  p resen t  (4 9 ) .
In the case  o f  the primary anaem ias, the b i l i r u b i n  in  
the b lood  i s  more or l e s s  in c r e a se d ,  up to  2 u n i t s  ( 5 0 ) ,  thus  
en a b lin g  a d i f f e r e n t i a l  d ia g n o s is  to  be made at once between the  
secondary anaem ias. The t e s t  i s  a l s o  o f  v a lu e  in p r o g n o s is ,  
as the cholaem ia d im in ish es  during  the in t e r m is s io n s ,  the f a l l  
b e in g  p r o p o r t io n a l  to  the degree o f  improvement ( 5 1 ) .
In c i r r h o s i s  o f  the l i v e r ,  even in  th o se  unaccompanied  
by ja u n d ic e ,  the b lood  b i l i r u b i n  i s  always in c r e a se d  ( 5 2 ,5 3 , 5 4 ) .  
The t e s t  i s  a l s o  o f  v a lu e  in  p r o g n o s is  o f  th e se  a f f e c t i o n s .
In m ild d egrees  o f  h e p a t i t i s  such as  occur in  a l c o h o l i c  
p o l y n e u r i t i s ,  the t e s t  i s  p o s i t i v e ,  and a g a in  has a p r o g n o s t ic  
v a l u e .
Cancer o f  the l i v e r  and h y d a tid  c y s t ,  in  the e a r ly  s t a g e s ,  
do not cause an in c r e a se d  cho laem ia . However, the t e s t  i s  
of.ZA.lue in  the d i f f e r e n t i a l  d ia g n o s is  o f  growths in  the
h e p a t ic  r e g io n ,  such as r ig h t - s id e d  hypernephroma, s i n c e ,  in  
the case  o f  e x t r a - h e p a t ic  m alignant tumours, a h y p ob iliru b in a em ia  
i s  in v a r ia b ly  p r e s e n t .
In the d ia g n o s i s  o f  la r g e  ir r e g u la r  l i v e r s ,  in  the  
absence o f  ja u n d ice , the b i l i r u b i n  i s  much h igh er  in  the c a se  
o f  c i r r h o s i s  than in  secondary growths ( 5 5 ) .
In c a ta r r h a l  ja u n d ice , the b lood b i l i r u b i n  i s  r a i s e d ,  but 
not u s u a l ly  very g r e a t l y ,  s in c e  the o b s tr u c t io n  i s  o f t e n  
in co m p le te .  In jaundice  due to  com pression by a growth the  
b i l i r u b i n  in  the blood in c r e a s e s  r a p id ly  and r e g u la r ly .  In 
o b s tr u c t io n  due to  c a lc u lu s ,  the b i l i r u b i n  i s  r a is e d  but 
v a r ie s  from tim e to t im e .
In i n f e c t i v e  c o n d i t io n s ,  i t  i s  in c r e a se d ,  d o u b t le s s  due 
to h e p a t ic  in vo lvem en t. I t  i s  o f  s p e c i a l  va lue  in  the  
e s t im a t io n  o f  l a t e n t  jaun d ice  o c cu rr in g  in  th e se  c o n d i t io n s .
Thus in  pneumonia, the advent o f  jaundice i s  always o f  grave  
im port. In f a t a l  ca ses  o f  pneumonia, th o se  w ith ou t jaundice  
always had a n  i c t e r u s  index over  7 .5  (4 4 ) ;  s i m i la r l y  in  
s t r e p t o c o c c a l  pneumonia, a r a is e d  i c t e r u s  index has th e  same 
p r o g n o s t ic  v a lu e  ( 5 6 ) .
In ty p h o id  f e v e r ,  the p r e sen ce  o f  r a is e d  b lood  b i l i r u b i n
i s  a l s o  a bad p r o g n o s t ic  omen* I t  i s  a l s o  in c r e a se d  in  
m alaria (57) •
In c h o l e c y s t i t i s ,  in c r e a se d  cholaem ia i s  p r e s e n t ,  w h ile  
in  c h o l e l i t h i a s i s ,  i t  i s  a lways r a is e d  a f t e r  an a t ta c k  o f  
c o l i c ,  and sometimes even  during the l a t e n t  p e r io d s  ( 5 8 ) .
I t  i s  thus o f  v a lu e  in  the d ia g n o s is  o f  r i g h t - s i d e d  abdominal 
p a in , s in c e  a h igh  i c t e r u s  index would exclude  r e n a l  or  
ap p en d icu lar  d i s e a s e .  However, in  a p p e n d ic i t i s  w ith  
c o m p lic a t io n s ,  a r a is e d  cholaem ia i s  always p r e s e n t ,  but in  
s a l p i n g i t i s ,  the l a t t e r  i s  always norm al.
Duodenal u lc e r  g iv e s  a r a is e d  i c t e r u s  index (4 4 ) ,  w h ile  in
g a s t r i c  u l c e r ,  i t  i s  norm al. Low v a lu e s ,  however, are found
*
in  the case  o f  rep ea ted  haem orrhages.
In ca rd ia c  a f f e c t i o n s  the b lo o d - b i l i r u b in  r i s e s  when 
decompensation o c c u r s ,  and i f  the cholaem ia in c r e a s e s  
s t e a d i l y ,  the c o n d it io n  i s  u s u a l ly  f a t a l .
In d ia b e t e s ,  cholaem ia i s  u s u a l ly  in c r e a se d ,  in d ic a t in g  
h e p a t ic  involvem ent* In pregnancy, i t  i s  a l s o  r a i s e d ,  
e s p e c i a l l y  during the l a t e r  months ( 5 9 ) .
In s y p h i l i s ,  the b lood  b i l i r u b i n  i s  normal, u n le s s  in  
the case  o f  a r s e n i c a l  r e a c t i o n s ,  when i t  i s  always r a is e d  (6 0 ) .
The b i l ir u b in a e r a ia  t e s t  i s  th u s o f  g r e a t  va lue  in  the  
d ia g n o s is  o f  c e r t a in  d i s e a s e s  o f  the b loo d , l i v e r  and b i l i a r y  
t r a c t .  I t  has a p r o g n o s t ic  va lue  i f  c o n s ta n t ly  rep eated  
in  the cou rse  o f  th e s e  a f f e c t i o n s .  I t  i s  s im ple  to  perform, 
the techn iqu e  r e q u ir in g  l i t t l e  s k i l l .  The t e s t  should  be a 
r o u t in e  one in  the i n v e s t i g a t io n  o f  h e p a t ic  a f f e c t i o n s .
THE CHOLAEMIA T E S T .
The p resen ce  o f  b i l e - s a l t s  in  the u r in e  has the e f f e c t  
o f  lo w er in g  the su r fa c e  t e n s io n ,  as may he determined by 
sta lagm om etry . In an a n a ly s i s  o f  400 u r in e s  by t h i s  method, 
G ilb e r t ,  Chabrol and Bernard found:
1 .  When the su r fa c e  t e n s io n  was below 850, 9 0 of  the  
p a t i e n t s  were s u f f e r in g  from an a f f e c t i o n  o f  the l i v e r  
or b i l i a r y  p a s s a g e s .
2 . Between 850 and 900, 60J& o f  c a s e s  had d is e a s e  o f  the  
l i v e r .
5. Between 900 and 1 ,0 0 0 ,  the l i v e r  was the cause in  Z O fo
o f  c a s e s .
Thus, any u r in e  having a su r fa c e  t e n s io n  o f  850 or under
very  probab ly  c o n ta in s  b i l e  s a l t s .  This f ig u r e  i s  o f
im portance, s in c e  the cholaem ia t e s t  i s  o n ly  a p p l ic a b le  to  
*
c a s e s  where th e re  i s  no marked lo w er in g  o f  the su r fa c e  t e n s io n  
o f  the u r in e ,  and where no h y p er b il iru b in a e m ia  i s  p r e s e n t .
Method:
The amount o f  b i l e  s a l t s  ( g ly c o -  and ta u r o - c h o la te s  o f  soda)
in j e c t e d  in tr a v e n o u s ly  i s  4 e . g .  per k i l o ,  o f  b o d y -w e ig h t; 
u s u a l l y ,  2 - 3  gm. o f  b i l e  s a l t s  d i s s o lv e d  in  10 c . c .  
p h y s i o l o g ic a l  serum are  i n j e c t e d .  T h is  q u a n t i ty  has no 
e f f e c t  on the  normal in d iv id u a l ,  but in  p erson s  w ith  h e p a t ic  
d i s e a s e ,  i t  i s  not uncommon to  have a r i s e  in  tem perature ,  
preceded by r i g o r s ,  and accompanied by sw e a t in g , in  the  two hours  
fo l lo w in g  the i n j e c t i o n ;  t h i s ,  however, does not l a s t  lo n g ,  
and i s  not fo l lo w e d  by s e q u e la e .
The tw en ty -fo u r  hours u r in e  b e fo re  and a f t e r  i n j e c t i o n  
i s  measured f o r  i t s  s u r f a c e - t e n s io n .  Norm ally, th e  su r fa c e  
t e n s io n  re tu r n s  to normal w ith in  four  to  e ig h t  hours a f t e r  
the i n j e c t i o n .
In p a t h o lo g ic a l  c o n d i t io n s ,  the  e l im in a t io n  o f  th e  
b i l e - s a l t s  i s  v e r y  s lo w ,  a lthough  a l l  t r a c e  of them has  
disapp eared  from th e  b lood-serum  one hour a f t e r  i n j e c t i o n .
By m easuring the  s u r f a c e - t e n s io n  o f  th e  u r in e ,  b i l e - s a l t s  can 
be shown t o  be p r e se n t  in  some c a s e s  as lon g  as 72 or 96 
hours a f t e r  i n j e c t i o n .
J u s t  b e fo re  th e  t e s t ,  a sample o f  b lood  i s  withdrawn, 
and th e  b i l i r u b i n  measured by th e  Van den Bergh method.
Other sam ples o f  b lood  are taken  4 a id  6 hours a f t e r  th e
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i n j e c t i o n ,  and the b i l i r u b i n  again  e s t im a te d .
.Normally, no d i f f e r e n c e  i s  observed in  the d i f f e r e n t  
specim ens o f  b lood  withdrawn.
In h e p a t ic  a f f e c t i o n s  the i n j e c t i o n  o f  b i l e  s a l t s  
causes an e x c e s s  o f  b i l e  pigm ents to  appear in  the b lood;  
t h i s  i s  e a s i l y  v i s i b l e  to  the naked eye in  the c o lo u r  o f  
the b lood-serum , which becomes a lemon y e llo w  or g o ld e n -y e l lo w  
c o lo u r .  This h y p er b il iru b in a e m ia  nay be due to  the t o x i c  
a c t io n  o f  b i l e  s a l t s  on the h e p a t ic  c e l l s ,  ca u sin g  a m ild  
and t r a n s i e n t  h e p a t i t i s ,  or e l s e  i t  may be caused by h a em o ly s is  (61)
C onclusion:
This t e s t  i s  s t i l l  in  the ex p er im en ta l s t a g e ,  and 
fu r th e r  work r e q u ir e s  to  be done before* i t s  v a lu e  can be 
e s t im a te d .  The t e s t  does not appear to  be w ithout r i s k  ( 6 2 ) .
INDUCED BILIKUBINAEMIA TEST.
( B e r g m a n n - E i l b o t t )
This t e s t  depends on the f a c t  that a sm a ll  amount o f  
b i l i r u b i n  in trod u ced  in to  the c i r c u l a t i o n  i s  e x c r e te d  by the  
l i v e r  o n ly .  The time o f  e l im in a t io n  depends on the f u n c t io n a l  
c o n d it io n  o f  the l i v e r  parenchyma'; the g r e a te r  the  damage to  
the l a t t e r ,  the more s lo w ly  i s  the b i l i r u b i n  e l im in a te d  ( 6 3 ) .  
The t e s t  i s  o f  no va lu e  i f  b i l i r u b i n u r i a  i s  p r e s e n t .
Method:
0 .0 7  gm. o f  b i l i r u b i n  are d i s s o lv e d  in  10 c . c .  o f  a 
5% soda s o l u t i o n  heated  to  80°C to  a id  s o l u t i o n  o f  the  
b i l i r u b i n .  I t  i s  un necessary  to s t e r i l i s e  t h i s  s o l u t i o n ,  
owing to  the  method o f  e x t r a c t io n  o f  the pigment (by b o i l i n g  
e t h e r ) .  The s o lu t io n  i s  in j e c t e d  in t o  a v e in  as soon as 
p o s s ib l e  a f t e r  p r e p a r a t io n ,  p r e fe r a b ly  in  the morning, f a s t i n g .  
A specim en o f  blood i s  withdrawn im m ediately  b e fo re  the  
i n j e c t i o n ;  a second specim en i s  taken th ree  m inutes a f t e r  the  
i n j e c t i o n ,  and a t h ir d ,  4 hours l a t e r .
The e s t im a t io n  i s  c a r r ie d  out a c co r d in g  t o  the tech n iq u e  
o f  Ernst and F o s t e r .  To 4 c .c *  o f  b lood  i s  added 1 c . c .  o f  a 
3*6fo  s o l u t i o n  o f  sodium c i t r a t e ,  to avo id  c o a g u la t io n ,  and 
c e n tr i fu g e d .  Acetone i s  added to  the  plasma thus o b ta in e d ,  
in the p r o p o r t io n  o f  one part acetone  to  two p a r ts  p lasm a.
A p r e c i p i t a t e  i s  formed, which i s  again  c e n tr ifu g e d *  The 
su pern atant f l u i d ,  which c o n ta in s  the b i l i r u b i n ,  i s  compared 
w ith  the s tan d ard , a 1 in  6 ,0 0 0  s o lu t io n  o f  potassium  b ichrom ate ,  
in a c o lo r im e te r ,  as soon  as p o s s i b l e .
The in j e c t i o n  o f  th e  s o lu t io n  o f  b i l i r u b i n  should be 
performed very  s h o r t ly  a f t e r  p rep a ra tio n  o f  the s o l u t i o n ,  
in which case  no r e a c t io n s  o ccu r . I f  the i n j e c t i o n  i s  
delayed  fo r  some t im e, r ig o r s  and s l i g h t  e l e v a t io n  o f  tem perature  
occu r , w hich, however, are o n ly  t r a n s i e n t ,  and n ever  l a s t  
lo n g e r  than  one hour.
R e s u l t s :
The in c r e a s e  in  b i l ir u b in a e m ia  3 m inutes a f t e r  i n j e c t i o n  
i s  taken as r e p r e s e n t in g  100$ . Thus, i f  the  f a s t i n g  b i l i r u b i n  
was 0 .5  u n i t ,  and 3 m inutes a f t e r  i n j e c t i o n  2 .5  u n i t s ,  then the  
d i f f e r e n c e ,  i . e .  2 u n i t s ,  i s  taken as the 100$ stan dard , s in c e  th
r e p r e se n ts  d i lu t io n  o f  the in j e c t e d  b i l i r u b i n  in  the c i r c u la t i n g  
b lo o d . I f  a su bseruent read in g  g iv e s  1 .5  u n i t s ,  the in c r e a se  
i s  1 u n i t ,  and r e p r e se n ts  50$.
In  the normal p erso n , the b i l i r u b i n  in  the b lood f a l l s  
to  i t s  former l e v e l  in  about 4 hours, but a rea d in g  o f  under 
10$ i s  taken as coming w ith in  normal l i m i t s  ( 6 4 ,6 5 ) .  Any 
read in g  over  10$ , 4 hours a f t e r  i n j e c t i o n ,  i s  p a t h o lo g ic a l  ( 6 6 ) .
The t e s t  i s  s t r i c t l y  h e p a t ic ,  and does not in v o lv e  
p a r t i c i p a t i o n  o f  the r e t i c u l o - e n d o t h e l i a l  sy stem , as o th e r  
dye t e s t s  may do. The t e s t  has g iv en  p o s i t i v e  r e s u l t s  in  a l l  
d is e a s e s  in v o lv in g  the parenchyma o f  the l i v e r ,  and has  
demonstrated the e x i s t e n c e  o f  a h e p a t i t i s  in  c h o l e c y s t i t i s ,  
which o th e r  t e s t s  have h i t h e r t o  f a i l e d  to do. ( 6 7 ) .
C onclusion:
The t e s t  i s  s t i l l  in  the exp erim en ta l s t a g e .  I t  has th e  
g reat advantage o f  b e in g  s t r i c t l y  p h y s i o l o g i c a l ,  and o f  
in v o lv in g  on ly  the l i v e r  c e l l s .  I t  would seem t o  be an i d e a l  
method fo r  t e s t i n g  the power o f  the l i v e r  to e x c r e te  b i l i r u b i n .  
Further work may e s t a b l i s h  i t  as a r o u t in e  method fo r  t e s t i n g  
l i v e r  fu n c t io n  ( 6 8 ,6 9 ) .
PROTEIN METABOLISM FUNCTION 'TESTS.
P h y s io lo g i c a l  C o n s id e ra t io n s :
The p r o te in s  in g e s te d  in  the food are u l t im a t e ly  transform ed  
in  the d i g e s t i v e  t r a c t  in to  am in o -u c id s . hut the d i s in t e g r a t io n  
o f  p r o te in s  may, in  c e r t a i n  c a s e s ,  he a r r e s te d  a t  the s ta g e  
o f  p o ly p e p t id e s ,  w ith ou t r ea c h in g  the s ta g e  o f  a m in o -a c id s .
The l i v e r  a r r e s t s  the fu r th e r  passage  o f  th ese  p o ly p e p t id e s ,  
which are more or l e s s  t o x i c ,  and decomposes them in to  am ino-ac id s  
Those am in o-ac id s  which are not req u ired  by the body fo r  t i s s u e -  
s y n t h e s i s ,  as w e l l  a s  th o se  o f  endogenous o r i g i n  formed by 
t i s s u e - d i s i n t e g r a t i o n ,  are  destroyed  by th e  l i v e r .  The 
n itr o g e n  l ib e r a t e d  in  the course o f  t h i s  a m in o -a c id o ly s is  
i s  employed by the l i v e r  fo r  the s y n t h e s i s  o f  urea# This  
u lt im a te  and l e a s t  t o x i c  form o f  p r o t e in  decom position  
then  e n te r s  the  g e n e r a l  c i r c u l a t i o n ,  to  be e l im in a t e d .  The 
two c h i e f  fu n c t io n s  o f  the l i v e r  w ith  regard to  p r o te in s  are  
th u s ,  d e s t r u c t io n  o f  a m in o -a c id s ,  and form ation  o f  u r e a .
The f i r s t  s ta g e  in  the decom position  o f  am in o-ac id s  i s  
deamination# This tak es  p la c e  by o x id a t io n  o f  the am ino-ac id ,  
w ith  p ro d u ct io n  o f  ammonia and the corresp ond ing  k e to n ic  a c id ,  
accord in g  to the  formula:
R.CH.NH • COOH+O = R.CO.COOH+NH .
2 3
The f a t t y  k e to n ic  a c id s  are  broken down c h i e f l y  in  th e  
l i v e r ,  by p r o g r e s s iv e  o x id a t io n ,  i n t o  carbon d io x id e  and water,  
but the  in te r m e d ia te  s t e p s  vary w ith  the d i f f e r e n t  a m in o -a c id s .  
Some are decomposed l i k e  the su g a r s ,  w h ile  o th e r s  are broken  
down l i k e  f a t s  in to  a c e t o - a c e t i c  a c id ;  th e se  l a t t e r  are thus  
k e to g e n s .  O thers , a g a in ,  are decomposed by s p e c i a l  p r o c e s s e s ;  
th u s ,  tryptophan i s  broken down in to  in d o l  and i t s  d e r iv a t i v e s ,  
a r g in in e  in to  c r e a t i n in e ,  and c y s t in e  i n t o  t a u r in e .
The f a t a  o f  the ammonia i s  not known e x a c t l y ,  two t h e o r i e s  
b e in g  c u r r e n t .  The c l a s s i c a l  view  was t h a t  the l ib e r a t e d  
ammonia im m ediate ly  combined w ith  carb on ic  a c id ,  and th a t  urea  
was d e r iv e d  from the ammonium carbonate  thus formed. Some do 
not a c c e p t  t h i s  h y p o t h e t ic a l  p r o c e s s ,  and b e l i e v e  th a t  th e  
prod u ction  o f  urea o ccu rs  by d ir e c t  o x id a t io n  o f  p r o t e i n s ,  
w ith ou t p a s s in g  through the stage o f  ammonia.
The e a r l i e r  view  th u s  p o s t u la t e d  the l i b e r a t i o n  o f  ammonia
by deam ination le a d in g  to  the form ation  o f  ammonium carbonate  
and carbamate, from which, by d ehyd ration , urea  was formed.
I t  fo l lo w e d  from t h i s  th a t  the c i r c u l a t i n g  blood should co n ta in  
ammonia s a l t s ,  and t h i s  b lood  ammonia was the o r ig i n  o f  the 
u r in a ry  ammonia. Now, the most d e l i c a t e  a n a l y s i s  has thrown 
doubt on the e x i s t e n c e  o f  ammonia in  the c i r c u l a t i n g  b lo od .
I t  would seem, r a th e r ,  t h a t  the b lood  c o n ta in s  an ammoniogenic 
su b s ta n c e ,  capable  o f  b e in g  transform ed in to  ammonia on ly  
o u tr id e  the b l o o d - v e s s e l s ,  and th a t  the k idney i s  the c h i e f  
organ where ammonia i s  formed.
On the o th er  hand, the exp er im en ta l work o f  F osse has shown 
th a t  urea can be formed in  v i t r o  by the o x id a t io n  o f  p r o t e in s  
or o f  t h e i r  b i o l o g i c a l  d e r iv a t iv e s  or  o f  f a t t y  or sugar compounds, 
in  the  p resen ce  o f  s a l t s  o f  ammonia. From t h i s ,  we can assume 
an analogous o x id a t io n  o f  am in o-ac id s  in  v iv o  w ith  p ro d u ct io n  o f  
urea  w ith ou t deam ination . This very g e n e r a l  p r o c e ss  can occur  
not only  in  the l i v e r ,  but a l s o  o u ts id e  o f  i t .  This th eo ry ,  
however, does not exc lu d e  the p o s s i b i l i t y  o f  the form ation  o f  
urea by the l i v e r  from ammonia s a l t s  o f  a lim en tary  o r i g i n .
I t  i s  g e n e r a l ly  agreed  however, th a t  urea i s  the u l t im a te  
product o f  p r o te in  d i s in t e g r a t io n  in  man, and th a t  the l i v e r  i s
the c h i e f  s e a t  o f  o r ig in  o f  urea* E xperim ental removal o f  the  
l i v e r  in  anim als le a d s  to  the  c e s s a t io n  o f  urea-form ation *
Urea i s  thus a w aste  product which i s  c o n t in u a l ly  
e n te r in g  the c i r c u la t i o n  and e l im in a te d  by the k id n eys w ith ou t  
being  retard ed  by any th r e sh o ld  o f  e x c r e t io n .  In c e r t a in  
c o n d i t io n s ,  e l im in a t io n  may a ls o  take p la ce  by the d i g e s t i v e  
t r a c t  •
In  a d d i t io n ,  an a p p re c ia b le  amount o f  ammonia i s  
e l im in a te d  d a i ly  in  the u r in e .  As m entioned above, i t  was 
form erly  thought th at t h i s  ammonia was formed in  the l i v e r  by 
deam ination o f  a m in o -a c id s ,  a p o r t io n  esca p in g  u r e o g e n e s i s ,  
and, n e u t r a l i s i n g  e x c e s s  o f  a c id  in  the b lood reach es  the  
kidneys to be e x cre ted  in  the u r in e .  Thus, the u r in a ry  ammonia 
was thought alw ays to  o r ig in a t e  from the blood ammonia.
C l i n i c a l  and la b o r a to r y  ex p er ien ce  do n o t  confirm  t h i s  
h y p o t h e s i s .  In se v e r e  h e p a t ic  i n s u f f i c i e n c y ,  w h i le  there  
occu rs an in c r e a s e  in  the am ino-ac ids o f  the blood and u r in e ,  
w ith  a d im in u tion  in u rea , no la r g e  q u a n t ity  o f  ammonia in  
th e  b lood  can be d e te c te d ,  as would be exp ected  i f  the ur inary  
ammonia had a h e p a t ic  o r i g i n .  U n fo r tu n a te ly ,  the e s t im a t io n  
o f  ammonia in  the b lood  r e q u ir e s  a very  d e l i c a t e  tec h n iq u e ,
which may e x p la in  the d ivergen ce  o f  r e s u l t s  recorded by 
d i f f e r e n t  o b s e r v e r s .  Some b io c h e m is ts  deny the  p resen ce  
o f  any ammonia in  the b lo o d , w h ile  o th e r s  a f f ir m  the p resen ce  
o f  a minute q u a n t ity  not ex ceed in g  one m ill ig ra m  per 100 c . c .
I f  t h i s  ammonia were r e a l l y  p r e s e n t ,  one would ex p e ct  i t  to  be 
in c re a se d  in  the f o l lo w in g  c o n d it io n s :
1 .  In r e n a l  c o n d it io n s  which p reven t the e x c r e t io n  o f
ammonia s a l t s ,  assuming th a t  t h i s  does not tak e  p la ce  by 
the  d i g e s t i v e  t r a c t .
2 .  In h e p a t ic  l e s i o n s ,  i n t e r f e r i n g  w ith  u r e o g e n e s i s .
3 . in  c o n d it io n s  o f  a c i d o s i s ,  when the n e u t r a l i s i n g
b ases  are b e in g  used up .
An in c r e a s e  in  blood-ammonia has n ot been  demonstrated  
in  th e  two former c o n d i t io n s ,  w h ile  in  a c i d o s i s ,  n e u t r a l i s a t i o n  
occurs by the a l k a l i  r e se r v e  o f  the b lo o d .  Another im portant  
p o in t  i s  th a t  th ere  i s  no r e l a t i o n  between the  b lood ammonia 
and the u r in a ry  ammonia.
A l l  the above f a c t s  are  in  favour o f  the  r e n a l  o r ig i n  
o f  the u r in a r y  ammonia, but i t  i s  n o t  known from which 
su b stan ce  the k id ney  forms amnonia. On the o th e r  hand, 
the f a c t o r s  in f lu e n c in g  ammonia e x c r e t io n  are w ell-k now n .
The e x c r e t io n  o f  anmonia i s  hound up w ith  the m aintenance  
o f  the a c id -b a s e  e q u i l ib r iu m . This i s  the fundam ental f a c t  
which e x p la in s  the v a r ia t io n s  in  the u r in a ry  ammonia fo l lo w in g  
the in g e s t i o n  o f  fo o d .  h erb iv o ra  e x c r e te  on ly  a sm a ll  
amount o f  ammonia in  the u r in e ;  the o p p o s i te  i s  the  ca se  in  
the c a r n iv o r a .  This i s  because the h erb iv o ra  f in d  in  t h e i r  
food a la r g e  q u a n t ity  o f  b ases  w ith  which to  n e u t r a l i s e  the  
organic  a c id s  and a c id  s a l t s  formed in  the  course o f  the  
decom position  o f  the fo o d -s u b s ta n c e s .  The c a r n iv o r a ,  on the  
oth er  hand, req u ire  ammonia to  n e u t r a l i s e  the e x c e s s  o f  a c i d i t y  
brought by the foo d . In  the b lo o d , i t  i s  not the ammonia, 
but the a l k a l i  r e s e r v e ,  r ep re sen ted  c h i e f l y  by the b ic a r b o n a te s ,  
which n e u t r a l i s e s  the w aste  a c i d s .  The s a l t s  thus formed reach  
the k id n ey , where they are decomposed. The b a s ic  r a d ic l e  r e - e n t e r  
the b lo o d -s tre a m , w h ile  the ac id  r a d ic l e  i s  e l im in a te d  as such, 
or e l s e  i s  n e u t r a l i s e d  by ammonia formed in  s i t u .  In t h i s  way 
the e x c r e t io n  o f  a c id s  i s  a ssu red  w ith ou t d e c r e a s in g  the a l k a l i  
r e s e r v e .  n e u t r a l i s a t i o n  by ammonia takes  p la c e  c h i e f l y  in  
the case  o f  organ ic  a c i d s .
Thus the u r in a r y  ammonia appears to be a fu n c t io n  o f  the  
a c id o t i c  tendency o f  the organism . how, the l i v e r  p la y s  a
p repond erating  r o le  in  a c i d o s i s .  The combustion o f  k e to n ic  
a c id s  a r i s i n g  from a m in o -a c id o ly s is  takes p la c e  c h i e f l y  in  the 
l i v e r ,  and r e q u ir e s  the  p resen ce  o f  g lu c o se  or g ly c o g e n .  The 
su p p re ss io n  o f  t h i s  k e t o l y t i c  fu n c t io n  ca u ses  k e t o s i s ,  so 
th a t  the study o f  the u r in ary  ammonia can, i n d i r e c t l y ,  g iv e  
in fo rm a tio n  on h e p a t ic  fu n c t io n .  E x p er im e n ta lly ,  however, 
p a r t i a l  or t o t a l  hepatectom y does not cause a c i d o s i s ,  th e  l a t t e r  
appearing to a r i s e  from t o x ic  p rod u cts  l ib e r a t e d  by the damaged 
h e p a t ic  c e l l s .  This co n cep tion  seems to be in  accord w ith  
some r e c e n t  work on k e t o l y t i c  f u n c t io n s ,  a ccord in g  to  which the  
d e s tr u c t io n  o f  ketone b o d ies  i s  accom plished  by the m uscles  
and k id n eys and not by the l i v e r .
P a t h o lo g ic a l  C o n sid e ra t io n s:
As noted  above, the g r e a te r  part o f  the n i t r o g e n  o f  
decomposed p r o t e in s  i s  transform ed by the l i v e r  in to  u rea ,  
and e l im in a te d  in  t h i s  form by the k id n e y s .  In p a t h o lo g ic a l  
c o n d i t io n s ,  the decom p osit ion  o f  p r o t e in s  i s  more or l e s s  
im paired, a sm a ller  p ro p o r tio n  o f  the p r o t e in  n i t r o g e n  i s  
changed in to  u rea , w h ile  the non-urea n i t r o g e n  i s  in c r e a s e d .  
E x p er im en ta lly ,  the same c o n d it io n s  are found. In the
h ep a tecto m ised  dog w ith  an Eck f i s t u l a ,  accord in g  to  the  
techn ique o f  Mann and McUath, e s t im a t io n s  in  the u r in e  have shown 
a d im inu tion  in  the u rea , an in c re a se  in  the am in o-n itrogen , and the  
p resen ce  o f  u r ic  a c id .  S im ila r  c o n d it io n s  are found a f t e r  acute  
p o iso n in g  o f  the l i v e r  in  an im als .
The e s t im a t io n  o f  the d i f f e r e n t  n itr o g e n o u s  b o d ies  in  
the b lood  and u r in e  i s  thus a means o f  s tu d y in g  the u reo g en ic  
and am ino-ac id  fu n c t io n s  o f  the l i v e r .
NITROGEN AND AMMONIA C O -E F fflC IE N T S  OF THE U R IN E .
The mere e s t im a t io n  o f  urea or ammonia in  th e  u r in e  
g iv e s  no in form ation  on the u reo g en ic  f u n c t io n s  o f  the l i v e r ,  
as the amount o f  w aste  n itr o g e n  i s  su b je c t  to  la r g e  
p h y s i o l o g i c a l  v a r ia t io n s  such as  the in f lu e n c e  o f  d i e t .  G reater  
accuracy i s  o b ta in ed  by a study o f  the r e l a t i o n s  e x i s t i n g  between  
the d i f f e r e n t  n itr o g en o u s  b o d ie s  in  the d a i ly  u r in e ,  in  a 
su b je c t  subm itted  as lo n g  as p o s s ib l e  to  a known reg im e.
URINARY NITROGEN RATIO: g £ | a  N
T ota l N
Norm ally, t h i s  r a t i o  v a r ie s  w ith  the d i e t ,  b e in g  from 0 .8 2  
to 0 .8 4  on a mixed d i e t ,  and 0 .7 5  on a v e g e ta r ia n  d i e t .  In  
p a t h o lo g ic a l  c o n d it io n s  o f  the l i v e r  the  r a t i o  i s  low ered .
This r a t i o  would be o f  g r e a t  v a lu e ,  i f  a l l  the n i tr o g e n  
were u r e i f i a b l e .  Even under normal c o n d i t io n s ,  t h i s  i s  
not the c a s e .  This n o n - u r e i f i a b le  n i tr o g e n  o r ig i n a t e s  c h i e f l y  
from the d i s in t e g r a t io n  o f  endogenous p r o t e in ,  le a d in g  to  th e  
prod u ction  o f  c r e a t i n in e ,  c r e a t in e  and purine b o d ie s .  The
urea o r ig i n a t e s  c h i e f l y  from the  am ino-ac ids o f  exogenous  
p r o t e in .  Under c e r t a in  c o n d i t io n s ,  fo r  example during a f a s t ,  
the former p r o c e s s  in c r e a s e s ,  w h ile  the l a t t e r  d e c r e a se s ,  and the  
n itr o g e n  r a t i o  i s  changed w ithou t h e p a t io  in v o lv em en t . Thus, n o t  
much r e l ia n c e  can be p la ced  on t h i s  r a t i o .
COEFFICIENT OF IMPERFECT UREOGENESIS
IM aillard)
Ammonia N 
Urea N ♦  Ammonia If
The n i t r o g e n  r a t i o  in c lu d e s  in  the denominator the non-  
u r e i f i a b l e  n itr o g e n *  To avo id  t h i s  source o f  e r r o r ,  and 
s t a r t i n g  w ith  the  assum ption  th a t  a l l  the anmonia n i t r o g e n  i s  
u r e i f i a b l e ,  M ailla rd  e s t a b l i s h e d  the above c o e f f i c i e n t .  I t  
i s  r e la t e d  to  the fo l lo w in g  one, o f  Lanzenberg,
COEFFICIENT OF ACIDOSIS (LANZENBERG)
Ammonia N + Am ino-acid N 
Urea ^ + Ammonia lit ♦  Amino-Acid $
and a l s o  to  U e rr ie n -C lo g n e 's  Index,
Ammonia N ♦ Am ino-acid N 
Hypobromite N
N orm ally , a l l  th e se  r a t i o s  vary w ith  the fo o d , a verag in g  
about 6°/o on a mixed d i e t ,  5$ on a v e g e ta r ia n  d i e t ,  4%  on a 
m ilk  d i e t ,  and r i s i n g  to  over 10$ during a f a s t .
P a t h o l o g ic a l ly ,  in  c a se s  o f  h e p a t ic  i n s u f f i c i e n c y ,  the
r a t i o s  tend to  become e s t a b l i s h e d  about 7$ .
I t  was form erly  thought th a t  th e s e  r a t i o s  could  rev ea l  
im p erfect  u r e o g en ic  power o f  the l i v e r ,  s in c e  i t  was co n sid ered  
th a t  the u r in a r y  ammonia and am in o-ac id s  were u r e i f i a b l e ,  and 
hence an in c r e a s e  in  t h e i r  amount should r e v e a l  h e p a t ic  
i n s u f f i c i e n c y .  However, the u r in ary  ammonia i s  now thought to  
be o f  r e n a l  o r i g i n ,  and r e la t e d  to a c i d o s i s .
This new c o n c e p tio n ,  however, does n o t  take away e n t i r e l y  
the v a lu e  o f  th e se  r a t i o s  in  the e v a lu t io n  o f  h e p a t ic  f u n c t io n .  
Thus, in  se v e r e  h e p a t ic  i n s u f f i c i e n c y ,  they r e v e a l  d e f i c i e n c y  
in  the k e t o l y t i c  fu n c t io n  o f  the l i v e r .  N e v e r t h e le s s ,  the  
c a se s  encountered  c l i n i c a l l y  are th ose  o f  m ild  h e p a t ic  
d y s fu n c t io n ,  b e s id e s  which the wide l i m i t s  o f  p h y s i o l o g ic a l  
v a r ia t i o n  render the  problem s t i l l  more co m p lica ted .
In order  to  e s t a b l i s h  a f i x e d  b a s i s  o f  com parison, an 
attem pt has b e e n  made by ta k in g  in to  c o n s id e r a t io n  the Ph o f  
the u r in e .  By t h i s  method, the v a r ia t io n s  due to  d ie t  and 
oth er  p h y s i o l o g i c a l  ca u se s  are narrowed down. T h is , however, 
may in trod u ce  new sou rces  o f  e r r o r ,  s in c e  i t  has been shown 
th a t  u r in e s  w ith  a s im i la r  Ph can have very  d i f f e r e n t  t o t a l  
a c i d i t i e s .
REDUCED AMMONIA COEFFICIENT.
(H esse lbach)
H esse lb a ch  has s tu d ie d  the r e l a t i o n  e x i s t i n g  between th e  
ammonia c o e f f i c i e n t  and the Ph o f  the u r in e ,  and has 
summarised h i s  c o n c lu s io n s  in  the f o l lo w in g  form ula:
Ph x Ammonia N s  ^
T ota l N
and he p r o p o ses ,  as a method o f  t e s t i n g  h e p a t ic  fu n c t io n ,  the  
e s t im a t io n  o f  h is  reduced ammonia c o e f f i c i e n t ,  corresp o n d in g  to  
a c o n v e n t io n a l  Ph o f  5 . 8 .
Schroeder has su g g es ted  the f o l lo w in g  formula fo r  th e  
e s t im a t io n  o f  the reduced ammonia c o e f f i c i e n t :
Ammonia N , Ph -  4 .2  
i o t a i  M T  T7S
CORRECTED AMMONIA COEFFICIENT.
( F e i s s in g e r  and G uillam in)
Formol N (Ph -  4 .2 )
C. A. C. — Hypobromite N_______
1.6
(Formol N i s  the ammonia N «f am ino-ac id  N ob ta in ed  by the  
form ol m ethod.)
Method:
The 24-hour u r in e ,  which has been p reserv ed  from  
ferm en ta t io n  by the a d d it io n  o f  m ercuric cy a n id e ,  i s  c o l l e c t e d .
The urea  i s  e st im ated  by the  hypobromite method, and the anmonia 
by the  form ol method. The Ph i s  measured by c o lo r im e tr y  or  
e le c t r o m e t r y .
R esults:
N orm ally , on a mixed d i e t ,  the c o r r e c te d  ammonia 
c o e f f i c i e n t  v a r ie s  from 4 .5  to  6 .
In p a t h o lo g ic a l  c o n d it io n s  o f  the l i v e r ,  i t  may r i s e  
above 12 . A p r o g r e s s iv e  in c r e a s e  in  the  va lu e  o f  the c o e f f i c i e n t  
always i n d ic a t e s  a bad p r o g n o s is .
A m o d if ic a t io n  o f  t h i s  t e s t  i s  performed in  the f o l lo w in g  
way. The e a r ly  morning u r in e  i s  c o l l e c t e d ,  and then  150 gm. 
o f  honey are sw allow ed, w ith  2 g l a s s e s  o f  t e a .  The u r in e  i s  
c o l l e c t e d  2, 4 , and 6 hours l a t e r .  The c o r r e c te d  ammonia 
c o e f f i c i e n t  i s  determ ined fo r  each specim en, and th e  r e s u l t s  
exp ressed  g r a p h ic a l ly .
R e s u l t s :
N orm ally , s l i g h t  v a r ia t io n s  and i r r e g u l a r i t i e s  occu r ,  
from 4 in  the f i r s t  specim en to  6 in  the l a s t .
In s l i g h t  h e p a t ic  i n s u f f i c i e n c y ,  the curve f a l l s  during the  
2nd hour, and r i s e s  again  in  the 4 th  hour. In se v er e  h e p a t ic  
i n s u f f i c i e n c y ,  the f i r s t  v a lu e  i s  r a i s e d ,  and the curve r i s e s  
p r o g r e s s iv e ly  from 8 6r 10 to  14 ( 7 0 ) .
l l iX S ty S  COEFFICIENT OF THE BLOOD.
(Redmond & Colombo)
The e s t im a t io n  o f  the above c o e f f i c i e n t s  are a ttem p ts  to  
measure the r e s id u a l  a c id s  a r i s i n g  from the decom position  o f  
p r o t e i n s .  But any a c i d o s i s  o f  e x t r a - h e p a t ic  o r ig i n  c o n s t i t u t e s  
a sou rce  o f  error  which must f i r s t  be e l im in a te d .  While 
b r in g in g  g r e a t e r  accuracy to  the study o f  a c i d o s i s ,  th e se  
c o e f f i c i e n t s  do not a lways g iv e  s a t i s f a c t o r y  r e s u l t s ,  because  
they do not take i n t o  account s e v e r a l  im portant f a c t o r s  
r e g u la t in g  ammonia e x c r e t io n ,  the Ph o f  the kidney c a p i l l a r i e s ,  
th e  q u a n t ity  o f  ammoniogenic su b sta n ces  in  the  b lo o d ,  and 
the t o t a l  a c i d i t y  o f  the u r in e .  So lo n g  as we are ignorant o f  
the p h y s i o l o g i c a l  laws which r e g u la t e  the  e x c r e t io n  o f  ammonia, 
the study o f  th e s e  ammonia c o e f f i c i e n t s  cannot g iv e  p r e c i s e  
in form ation  on the c o n d it io n  o f  the l i v e r .  C l i n i c a l l y  however, 
the e s t im a t io n  o f  the C orrected  Ammonia C o e f f i c i e n t ,  or o f  
M a il la r d 's  C o e f f i c i e n t  i s  o f  g rea t  v a lu e ,  prov ided  th a t  ren a l  
e x c r e t io n  i s  un im paired .
The r e s id u a l  ^ntrogen i s  the d i f f e r e n c e  betw een the  
t o t a l  n i t r o g e n  and urea n i tr o g e n  o f  the b lo o d . The c h i e f  
d i f f i c u l t y  l i e s  in  e s t im a t in g  the t o t a l  n i t r o g e n  o f  the b loo d ,  
the methods f o r  which are e la b o r a te  and la c k  p r e c i s i o n .
In the serum, the average v a lu e  o f  the c o e f f i c i e n t  i s  
between 18 and 16 . In whole b lood , o x a la te d  or  f lu o r a te d ,  
i t  v a r ie s  from 8 to  6 .
In c o n d it io n s  o f  n i t r o g e n  r e t e n t io n ,  the  l e v e l  o f  the  
r e s id u a l  n i t r o g e n  i s  g e n e r a l ly  r a i s e d ,  the c h o l e s t e r o l  a l s o  
b e in g  r a i s e d  in  favou rab le  c a s e s ,  and where the l i v e r  i s  not  
in v o lv e d ,  but f a l l i n g  in  s e v e r e  c a s e s ,  or where th ere  i s  a 
h e p a t ic  l e s i o n .
In fa vou rab le  c a s e s ,  the c o e f f i c i e n t  in  the serum i s  
s l i g h t l y  low ered (12 to H i ,  and g r e a t ly  d im in ish ed  in  sev ere  
c a se s  (7 to  5 ) .
In whole b lo o d , the p r o g n o s is  i s  s t i l l  good when the  
c o e f f i c i e n t  i s  between 6 and 5 , but becomes grave when i t  f a l l s  
to 4 or 3 .5 .
The above f ig u res  have s t i l l  to be confirmed, and th e ir  
exact s ig n if ic a n e  worked out before they are generally  
accepted.
AMINO-ACID TEST.
The t e s t  should  be c a r r ie d  out on a 24 hours specim en o f  
u r in e ,  and on a known d i e t .  The am in o-ac id s  are e s t im a te d  
c o lo r im e t r i c a l l y  or by the form ol method.
R e s u lt s :
Normally the amount v a r ie s  w ith  the d i e t ,  b e in g  10 -3 5  e g .
on a meat d i e t ,  and 0 -10  e g .  on a v e g e ta r ia n  d i e t .
In h e p a t ic  c o n d i t io n s ,  the am ino-ac id  n i t r o g e n  i s
in c r e a se d ,  b e in g  15-30  e g .  in  i c t e r u s  g r a v i s .
In a d d i t io n ,  B i t h ' s  r a t i o ,
Amino-acid N 
Urea ft
i s  u s e f u l .  N orm ally , t h i s  v a r ie s  between 0 .5 $  and 3$ . I t  
may r i s e  to  6$ in  s e v e r e  h e p a t ic  i n s u f f i c i e n c y .
DEAMINATION BLOOD INDEX.
( F e i s s in g e r ,  O l iv i e r  and herbainJ
Method:
The p r i n c ip l e  o f  the method i s  th a t  t r i c h l o r a c e t i c  
a c id  in  c o n c e n tr a t io n s  below 30$ p r e c i p i t a t e s  p r o t e i n s ,  but 
a l lo w s  in te rm e d ia te  n itr o g e n o u s  compounds to  pass through,  
w h ile  p h o sp h o tu n g st ic  a c id  p r e c i p i t a t e s  both  p r o t e in s  and 
in te rm e d ia te  n itr o g e n o u s  compounds. The deam ination index  
i s
P o ly p ep tid e  N 
^ o ta l  N on -P ro te in  N.
This r a t i o  a l lo w s  one to  study the d i s in t e g r a t io n  o f
p o ly p e p t id e s .
A sample o f  the f a s t i n g  b lood  i s  tak en  2 hours a f t e r  the  
in g e s t i o n  o f  40gm. p ep to n e . One h a l f  o f  th e  serum o b ta in ed  
i s  p r e c i p i t a t e d  by 20$ t r i c h l o r a c e t i c  a c id ,  the o th e r  h a l f  by 
a s o l u t i o n  o f  p h o sp h o tu n g st ic  a c id .
The n itrogen  in  the f i l t r a t e s  i s  then estim ated, and
the deam ination index i s  g iv en  by the formula:
T r ic h lo r a c e t ic  f i l t r a t e  N -  P h o sp h otu n gst ic  f i l t r a t e  N •
T r ic h lo r a c e t i c  f i l t r a t e  N
R e s u l t s :
Norm ally, and in  c o n d it io n s  which do not a f f e c t  the  
l i v e r ,  the index v a r ie s  between 0 .1 0  and 0 .1 5 .
In h e p a t ic  a f f e c t i o n s  the index i s  r a i s e d ,  reach in g
0 .2 5  in  the c i r r h o s e s ,  and 0 .5 0  in  i c t e r u s  g r a v is .
The index g iv e s  normal r e s u l t s  in  ren a l c o n d i t io n s ,  
where, however, the  r e s id u a l  N i s  a f f e c t e d .
The techn iqu e  o f  the method i s  very  c o m p lic a ted , p r e v e n tin g  
i t s  g e n e r a l  ad o p tio n , but the r e s u l t s  o b ta in ed  are very  
p rom isin g  ( 7 1 ) .
Oonclus i o n s :
A l l  the methods summarised above fo r  e s t im a t in g  the 
e f f i c i e n c y  o f  the l i v e r ,  have t h i s  common d e f e c t ,  th a t  they  
g iv e  p o s i t i v e  r e s u l t s  on ly  in  advanced c a se s  o f  ch ron ic  d i s e a s e ,  
and in  acute  in t o x i c a t i o n s  and i n f e c t i o n s .  In m ild and e a r ly  
c a s e s ,  in  which they could  be o f  most v a lu e ,  n e g a t iv e  or  
anomalous r e s u l t s  are o b ta in e d .  A gain, in  some o f  the t e s t s ,
e . g .  the b lood  deam ination in d ex , the tech n iq u e  employed i s  so  
com p lica ted  as to  prec lu d e  t h e i r  use in  current p r a c t i c e ;  in  
o t h e r s ,  e . g .  the  e s t im a t io n  o f  the t o t a l  N o f  the blood or  
u r in e ,  the  methods are  u n s a t i s f a c t o r y  and in e x a c t ,  and d i f f e r e n t  
r e s u l t s  are o b ta in ed  from d i f f e r e n t  t e c h n iq u e s .
On the whole the r e s u l t s  o f  t h i s  s e r i e s  o f  t e s t s  are  
d is a p p o in t in g  a t  p r e s e n t ,  and they are not recommended fo r  
sy s te m a t ic  i n v e s t i g a t i o n  o f  h e p a t ic  fu n c t io n .
WIDAl^S TEST -  HASMOCLASTIO CRISIS.
This t e s t  was e la b o ra te d  by Widal, who momentarily  
e s t a b l i s h e d  an an astom osis  between the p o r ta l  v e in  and i n f e r i o r  
vena cava o f  a dog, during the d i g e s t i v e  p e r io d  f o l lo w in g  a 
meal (72 , 73, 7 4 ) .  A t y p i c a l  " c r is e  h /m oclas iq ue"  d eve lo p ed .
A s im i la r  r e s u l t  was o b ta in ed  a f t e r  i n j e c t i n g  commercial 
peptone in t o  the v e in  o f  a dog.
The h aeraoc la st ic  c r i s i s  com prises th e  f o l lo w in g  phenomena.
1 .  Leucopenia.
2 .  R eduction  in  the number o f  b l o o d - p l a t e l e t s .
3 . P r o lo n g a t io n  o f  c o a g u la t io n  time o f  the b lo o d .
4 .  In crea se  in  r e f r a c t i v e  index o f  th e  b lo o d .
5 .  In cr ea se  in  se d im e n ta t io n  -  r a te  o f  red c e l l s .
6 . F a l l  in  b lood  p ressu re  and p u l s e - r a t e .
In p r a c t i c e ,  the white c e l l  count alone i s  taken  in to  
accou n t.
Method:
A f i v e  hours f a s t  a t l e a s t  i s  e s s e n t i a l ,  so  th a t  th e  t e s t  i s
most c o n v e n ie n t ly  done b e fo re  b r e a k f a s t .  A w h ite  c e l l  count
i s  made, and then  seven  ounces o f  m ilk  are g iv e n  to  drink (the  
e x a c t  amount i s  n o t  e s s e n t i a l ) .  The w h ite  count i s  rep ea ted  
every tw enty  m inutes fo r  two h ou rs .
Norm ally , an in c r e a se  in  the b lood  count o f  3 ,0 0 0  o c c u r s ,
the in c r e a se  tak in g  p la c e  in  one hour ( 7 5 ) .  In order to  g iv e  a
p o s i t i v e  r e s u l t ,  the count must e i t h e r  remain s ta t io n a r y  o r  
e l s e  f a l l .
A fte r  a p r o te in  meal, p r o te o s e s  and p ep ton es  -  the r e s u l t  
o f  incom plete  d i g e s t i o n  o f  p r o t e in s  -  e n te r  the p o r t a l  c i r c u l a t i o n ,  
and r e a c h in g  the l i v e r ,  are broken down i n t o  amino a c i d s ,  and th e se
are then  e i t h e r  m eta b o lised  by the l i v e r ,  o r  e l s e  e n te r  the
g e n e r a l  c i r c u l a t i o n  to  be u t i l i s e d  by th e  body t i s s u e s .
Where the h e p a t ic  fu n c t io n  i s  deranged, the l i v e r  i s  unable to
cope w ith  the p rod u cts  o f  i n t e s t i n a l  p r o t e in  d i g e s t i o n ,  and 
p r o te o s e s  and p ep ton es  p a ss  through the  l i v e r ,  and e n te r  the  
g en era l  c i r c u l a t i o n .  I t  i s  thought that t h e i r  p resen ce  u p s e ts  
the normal c o l l o i d a l  ba lan ce  o f  the b lo o d , and g iv e s  r i s e  t o  th e
s e r i e s  o f  phenomena known as the h a e m o c la s t ie  c r i s i s  ( 7 6 ) .
U n fo r tu n a te ly ,  in  p r a c t ic e  i t  has  been found th a t  the t e s t  
i s  p o s i t i v e  in  many c o n d it io n s  o th er  than th o se  d i r e c t l y  
a f f e c t i n g  l i v e r  f u n c t io n .  Thus i t  has been shown th a t  
d ig e s t io n  le u c o p e n ia  i s  normal in  c h i ld r e n  under t e n  y e a r s  o f  
age ( 7 7 ) ,  and th a t  a p o s i t i v e  r e a c t io n  i s  p r e se n t  in  33$ o f  
c a s e s  o f  normal pregnancy.
A p o s i t i v e  r e s u l t  has been o b ta in ed  in  such c o n d i t io n s  as  
a p p e n d i c i t i s ,  tu b er cu lo u s  p e r i t o n i t i s ,  m alar ia  (7 8 ) ,  asthma 
and e p i le p s y  ( 7 6 ) .
Zehnter ob ta in ed  a n e g a t iv e  r e s u l t  in  50$ o f  h i s  
h e p a t ic  c a s e s ,  w h ile  o th er  i n v e s t i g a t o r s  rep o rt  a p o s i t i v e  
r e s u l t  in  50$ o f  t h e i r  n o n -h e p a t ic  c a s e s  ( 7 8 ) .
I t  i s  obv iou s from th e se  f in d in g s  th a t  the l i v e r  cannot be 
the o n ly  f a c t o r  concerned in  the p ro d u ctio n  o f  the h a e m o c la s t ie  
c r i s i s ,  and u n t i l  th ese  are known, the  r e a l  s i g n i f i c a n c e  o f  th e  
phenomena must remain unknown to  u s .
I t  has even been q u e s t io n ed  whether the t e s t  i s  a tru e  
l i v e r  f u n c t io n  t e s t  a t  a l l ,  and i t  i s  h e ld  by some th a t  the  
c r i s i s  i s  due to  overtone  o f  the  vagus and sym p ath etic  n e r v es  
(79 , 80) but t h i s  i s  an extreme v iew .
Since a p o s i t i v e  r e s u l t  i s  ob ta in ed  in  so many d i f f e r e n t  
c o n d i t io n s ,  and a n e g a t iv e  r e s u l t  does not exonerate  the l i v e r ,  
i t  must be adm itted  the t e s t  i s  o f  no g rea t  v a lu e ,  and too  
much r e l ia n c e  should not be p la ced  on i t .
THE LYON-MELTZER T E S T .
This t e s t  en a b le s  the b i l e  to be withdrawn and examined 
d i r e c t l y  fo r  abnormal c o n s t i t u e n t s .  I t  depends on the f a c t ,  
f i r s t  n o ted  by M eltzer  (81) th a t  the a p p l i c a t io n  o f  a 25$  
s o l u t i o n  o f  magnesium su lp h ate  to  the duodenum ca u ses  c o n tr a c t io n  
o f  the g a l l - b la d d e r ,  and a f low  o f  b i l e  in to  the  duodenum.
Method:
'The t e s t  i s  performed on a f a s t i n g  stom ach. The p a t ie n t  
r in s e s  h i s  mouth w ith  a good a n t i s e p t i c  s o l u t i o n ,  s a y ,  potassium  
permanganate 1 g r .  to  2 ounces o f  w ater , fo l lo w e d  by a r in s e  
w ith  a weak s o lu t io n  o f  z in c  c h lo r id e .  A s t e r i l e  duodenal tube  
i s  th en  p assed  in to  the stomach; the f a s t i n g  g a s t r i c  residuum  
i s  a s p ir a te d  in to  a s t e r i l e  v e s s e l ,  measured, and g r o s s ly  
observed  fo r  c o n s i s t e n c y ,  mucus, e t c .  and then c u l t iv a t e d  and 
s tu d ie d  c h e m ic a l ly  fo r  a c i d i t i e s ,  b i l e  and o c c u l t  b lo o d .  
M ic r o sc o p ic a l  exam ination  i s  a l s o  c a r r ie d  o u t .  The stomach i s  
then  th orou gh ly  r in s e d ,  and the p a t ie n t  i s  g iv e n  a g l a s s  o f
water to drink w h ile  s lo w ly  sw allow ing the tube to  the duodenal 
p o in t ,  the w h ile  l y in g  on the r ig h t  s i d e ,  w ith  a p i l lo w  or  
sandbag e l e v a t in g  the h i p s .
The tube u s u a l ly  p a s s e s  in to  the duodenum w ith in  f i f t e e n  
to f o r t y - f i v e  m in u tes .  When i t  has done s o ,  the f a c t  can be 
determined by the duodenal "tug", the ch a r a c ter  o f  the  
a sp ir a te d  f l u i d ,  and the f a i l u r e  to recover  im m ediately  by 
vacuum a s p i r a t i o n ,  m a te r ia l  (w ater , b ro th , e t c . )  w hich the  
p a t ie n t  sw allow s by mouth. D i f f i c u l t y  i s  o c c a s io n a l ly  
encountered  in  e n te r in g  the duodenum because  o f  v a g o to n ic  
s t a t e s ,  or l o c a l  py lorosp asm ic  s t a t e s  (a  r e f l e x  from duodenal 
u l c e r ,  c h o l e c y s t i t i s  or chron ic  a p p e n d i c i t i s )  which can be 
overcome by an i n j e c t i o n  o f  a tr o p in e  su lp h a te  or by s e v e r a l  
days' use  o f  be llad on n a  or b en zy l benzoate# Once i t  i s  sure  
that the tube i s  in  the duodenum, a b a r r e l f u l  o f  a ir  i s  
in trod u ced  from a 1 ounce c a p a c ity  sy r in g e  to  b a l lo o n  out the  
duodenal w a l l s  from the m e ta l- t ip p e d  tube ( to  prevent  
traum atism  o f  the duodenal mucosa); a c o n n e c tio n  i s  made w ith  
the f i r s t  s t e r i l e  a s p i r a t i n g  vacuum b o t t l e ,  and g e n t le  
a s p ir a t io n  o f  the duodenum i s  begun ( 8 2 ) .  Or, the tube i s  
allow ed  to  hang over  the edge o f  the bed, and a llow ed  to
d ra in , by g r a v i t y ,  in t o  a s e r i e s  o f  t e s t - t u b e s .
In  the f a s t i n g  duodenal s t a t e ,  and when the p h y s i o l o g i c a l  
c o n d it io n  i s  normal, the sp h in c te r  o f  the common b i l e  duct 
should be c lo s e d ,  and the duodenal c o n te n ts  should  be b i l e - f r e e ,  
p e a r ly -g r e y ,  o f  syrupy and s t r in g y  c o n s i s t e n c y ,  f a i r l y  tr a n sp a r e n t ,  
and should  have a r e l a t i v e l y  sm a ll  amount o f  f l o c c u l e n t  or  
f la k y  sed im en t. In s t a t e s  o f  d u o d e n it i s ,  the  g r o ss  appearance, 
the m icr o sc o p ic  sedim ent and the chem ical t e s t s  d i f f e r  w id e ly  
from the  norm al. When b i l e  i s  found in  the f a s t i n g  duodenum 
in  s u f f i c i e n t  q u a n t i t i e s  to  be g r o s s ly  v i s i b l e ,  th ere  i s  e i t h e r  
a d is tu rb ed  p h y s i o l o g i c a l  c o n d it io n ,  ( f o l lo w in g  the analogy  
o f  ^ e l t z e r ' s  law o f  con trary  in n e r v a t io n )  or a p a t h o lo g ic a l  l e s i o n  
o f  group organs p h y s i o l o g i c a l l y  r e la t e d  to  t h i s  i n t e s t i n a l  zone .
The f i r s t  b o t t l e  i s  detach ed , and w ith  i t s  c o n te n ts  o f  
a s p ir a te d  f l u i d  s e t  a s id e  fo r  b a c t e r i o l o g i c a l ,  c y t o l o g i c a l  
and ch em ica l exam in ation . *rom 50 to  100 c . c .  o f  a s t e r i l e  
257° s a tu r a te d  s o l u t i o n  o f  magnesium su lp h a te  are then  in tr o d u ce d ,  
by means o f  a s t e r i l e  s y r in g e ,  or  by the g r a v i t y  method, and 
the tu b in g  connected  up to  the second s t e r i l e  a s p ir a t io n  b o t t l e ,  
and g e n t l e  a s p ir a t io n  commenced. U s u a l ly ,  w ith in  from two to  
te n  m in u te s ,  b i l e  b e g in s  to  be reco v ered , s t a in in g  l i g h t  y e l lo w
the magnesium su lp h a te  s o lu t io n  s t i l l  in  the duodenum. When 
the c o lo u r  deepens to  a pronounced y e l lo w ,  the m a te r ia l  a lread y  
c o l l e c t e d  in  the second b o t t l e  i s  decanted in to  a s t e r i l e  g l a s s  
c o n ta in e r ;  the b o t t l e  i s  r e - a t ta c h e d ,  and b i l i a r y  drainage i s  
co n tin u ed . Other methods o f  in d u c in g  a f lo w  o f  b i l e  are the  
i n s t a l l a t i o n  o f  o l i v e  o i l ,  or the i n j e c t i o n  o f  2  c . c .  o f  
p i t u i t r i n ,  which c a u se s  a pow erfu l c o n tr a c t io n  o f  the g a l l ­
b la d d er .
The b i l e  f lo w s  i n t e r m i t t e n t l y ,  somewhat a f t e r  th e  manner 
in  which u r in e  i s  s e c r e te d  from the u r e te r s  in to  the b lad der  
in  p a t i e n t s  in  whom c y s to sc o p y  and c a t h e t e r i s a t i o n  o f  the  
u r e te r s  have been perform ed. E s p e c ia l ly  i s  t h i s  in t e r m it t e n t  
f low  observed a f t e r  the b i l e  a lread y  in  the d u cts  and in  the  
g a l l - b la d d e r  has been d ra in ed , and b i l e  i s  b e in g  c o l l e c t e d  as  
i t  i s  s e c r e te d  from the l i v e r  c a p i l l a r i e s .  The f i r s t  b i l e  
a s p ir a te d  i s  the b i l e  p r e se n t  in  the b i l e - d u c t  -  probably  
on ly  the common duct -  because i t  i s  l i g h t e r  y e l lo w ,  more 
l i k e l y  to  be tr a n sp a r e n t ,  and much l e s s  mucoid than th e  b i l e  
seen  l a t e r .  This f i r s t  b i l e  may be from 10 to  2 0  c . c .  in  
amount, and may req u ire  from one to  th ree  m inutes to  a s p i r a t e ,  
when a sudden t r a n s i t i o n  appears (seen  f i r s t  in  the g l a s s  window
o f  the tu b e) and the b i l e  becomes darker, more v i s c i d  and more 
c o n c e n tr a te d ,  and, in  normal g a l lb la d d e r s ,  remains tr a n sp a r e n t ,  
but i s  more o f  a m olasses  y e l lo w .  This type  o f  b i l e  i s  th a t  
s to r e d  up in  and d e l iv e r e d  from the g a l l - b la d d e r ,  and when i t  
appears f i r s t  in  the g l a s s  window, the second s t e r i l e  b o t t l e  
i s  detached  and r ep la c ed  by a th ir d  s t e r i l e  c o l l e c t i n g  b o t t l e  
in to  which the b i l e  i s  a llow ed  to  f low  u n t i l  a l l  o f  t h i s  
darker b i l e  (more v i s c i d ,  tr a n sp a r e n t ,  or tu r b id )  has been  
c o l l e c t e d ,  and i s  b e in g  r ep la ced  by a l i g h t e r  y e l lo w ,  th in n e r ,  
and u s u a l ly  tra n sp a ren t  b i l e  which i s  a s p ir a te d  much more 
s lo w ly  and i n t e r m i t t e n t l y ,  and which i s  b i l e  f r e s h l y  s e c r e t e d  
from the l i v e r .  When t h i s  second t r a n s i t i o n  ap p ears , the  
th ir d  b o t t l e  i s  d etach ed , and a fo u r th  s t e r i l e  b o t t l e  a t ta c h e d  
to  c o l l e c t  the l i v e r  b i l e .
Each sample o f  b i l e  thus c o l l e c t e d  i s  examined c h e m ic a l ly ,  
b a c t e r i o l o g i e a l l y  and c;. t o l o g i c a l l y . The b i l e  from the g a l l ­
b ladder v a r i e s  in  amount from 30 to  100 c . c .  The h ig h e s t  
normal should  not exceed  75 c . c .  The v a r ia t io n  in  amount 
depends on the le n g th  o f  time s in c e  the g a l l - b la d d e r  l a s t  
emptied i t s e l f ,  p a r t i a l l y  or c o m p le te ly ,  i n  resp onse  to  normal 
d i g e s t i v e  n eed s;  on m echan ica l f a c to r s  th a t  prevent i t s  ready
emptying o f  i t s e l f  u n a s s i s t e d ,  such as inflammatory a d h e s io n s ,  
or t h i c k ,  v i s c i d ,  s l u g g i s h l y  f lo w in g  b i l e  caused by c a ta r r h a l  
c o n d it io n s  o f  the g a l l -b la d d e r ;  or the v a r ia t i o n s  may be 
dependent on the t o n i c i t y  o f  th e  g a l l - b la d d e r  m u scu la tu re , for  
i t  i s  r e a d i ly  c o n c e iv a b le  th a t  in  o v e r -d is te n d e d ,  d i la t e d  
g a l l - b la d d e r s  the m u sc le -w a ll  has been s o  s t r e t c h e d ,  as to  
p o s s e s s  i n s u f f i c i e n t  tone to  p r o p e l  th e  c o n te n ts  e a s i l y  
enough through the c y s t i c  and in t o  the common d u c t .
The th ree  samples o f  b i l e  are a n a lysed  f o r  t h e i r  co n ten t  
o f  b i l e  p igm en ts , b i l e  s a l t s ,  and c h o l e s t e r i n .
E s t im a tio n  o f  b i le -p ig m e n ts  in  the b i l e  by Van den B ergh 's  Method:
In a c e n tr i f u g e  tube are p laced  2  c . c .  o f  b i l e  and 4 c . c .  
a lc o h o l ,  which are mixed and c e n tr i f u g e d .  2  c . c .  o f  th e  
c e n tr i fu g e d  f l u i d ,  1 c . c .  o f  a lc o h o l  and 0 .5  c . c .  o f  the  
diazonium rea g en t are then  p la c e d  in  one cup o f  the c o lo r im e te r  
and in  the o th e r  i s  p la ced  the iro n  rhodanate o r  c o b a lt  s tan d a rd .
A comparison i s  made, and th e  rea d in g  m u l t ip l i e d  by 5 .  The 
r e s u l t  i s  g iv en  in  Van den Bergh u n i t s ,  the standard corresp on d in g  
to a 1 in  2 0 0 ,0 0 0  s o l u t i o n  in  b i l i r u b i n ,  or one Van den B e igh  u n i t .
E stim a tio n  o f  B i l i a r y  S a l t s  in  th e  B ile»
The f o l lo w in g  s o lu t io n s  are required*
1 .  25$ s o lu t io n  o f  b a s ic  le a d  a c e t a t e ,  f i l t e r e d ,  and kept  
t i g h t l y  corked to  p reven t ad m iss ion  o f  a i r .
2 .  9& $> a lco h o l*
3. Concentrated a c e t i c  a c id .
4 .  1% s o l u t i o n  o f  f u r f u r o l  in  a b s o lu te  a l c o h o l .
5 .  C oncentrated phosphoric  a c id ,  s p e c i f i c  g r a v ity  1 .7 1  to  
1 .7 5 .
6 .  Standard s o l u t i o n s  o f  c h o l a l i c  a c id  in  80)5 a l c o h o l .
Standard I .  .2 $
I I .  .1 $
I I I .  0 .0 5 $
IV. 0 .0 2 5 $
V. 0 .0 1 2 5 $
A m eta l water bath  i s  r e q u ir e d ,  in  which can be p laced  a 
sm all  w ire  c o n ta in e r  which w i l l  hold  the v a r io u s  t e s t - t u b e s  
r eq u ire d .
The b i l e  i s  d i lu t e d  w ith  i t s  own volume o f  w ater , and 
2 c . c .  are p la c e d  in  a graduated t e s t - t u b e ,  0 .5  c . c .  le a d  
a c e t a t e  s o lu t io n  added, and w e l l -m ix e d .  95$ a lc o h o l  i s  then  
added to  the 10 c . c .  mark w ith  co n sta n t  sh ak in g , and the
c o n te n ts  f i l t e r e d  in to  another  t e s t - t u b e .
1 c . c .  o f  the f i l t r a t e  i s  measured in to  a graduated t e s t - t u b e ,  
and to  5 o th e r  t e s t - t u b e s  are added 1 c . c .  o f  the 5 standard  
s o lu t io n s  o f  c h o l a l i c  a c id .
To each are added 0 .5  c . c .  o f  the fu r f u r o l  s o l u t i o n ,  
and phosphoric  a c id  to  5 c . c .  The c o n te n ts  are mixed by 
shaking w ithou t in v e r t in g  the tu b e s .
The tu b es  are p laced  in  the wire c o n t a in e r ,  kept in  the  
b o i l i n g  w ater  bath  fo r  5 m inu tes, then  p la ced  in  a co ld  w a ter -  
bath  fo r  another  5 m in u tes .
A c e t ic  a c id  i s  added to  10 c .c *  and mixed th orough ly  by 
in v e r t in g  the tu b e s .
A fte r  a few m in u tes , the unknown i s  compared w ith  the  
n e a r e s t  standard  which m atches, in  a Dubosq c o lo r im e t e r .
The r e s u l t  i s  m u l t ip l i e d  by 2 ,  s in c e  the b i l e  was o r i g i n a l l y  
d i lu t e d  ( 8 3 ,8 4 ) .
E st im a t io n  o f  C h o le s te r in e  in  the B i l e :
The standard s o l u t i o n  i s  made as  f o l lo w s :  In to  a
graduated t e s t - t u b e  pour 5 c . c .  o f  a 0 .0 6 $  s o l u t i o n  o f  
c h o le s t e r in e  in  ch loroform . Add 2 c . c .  o f  a c e t i c  amjihydride
and 5 drops o f  su lp h u r ic  a c id ,  mix, and w a it  h a lf -a n -h o u r  b e fo re  
making a r e a d in g .
2 c . c .  o f  b i l e  are p la ced  in  a G rigaut c h o le s te r im e te r  
(a lo n g  tube w ith  s to p -c o c k s  to  a l lo w  f l u i d  to  be withdrawn from 
the  bottom  o f  the tu b e ) .  20 c . c .  e th er  are added, and w e l l  
m ixed. Two la y e r s  se p a r a te  o u t .  Decant the bottom l a y e r .
Then wash the e th e r  by adding about 15 c . c .  d i s t i l l e d  w ater ,  
a llo w  to stand fo r  a few m inu tes , th en  decant the w a ter .
Wash th e  e th e r  a second tim e and a ga in  c a r e f u l ly  decant the  
w a ter .
Empty the tube ‘in to  a p o r c e la in  b a s in  by pouring  the  
e th e r  through the top end o f  the tu b e .  R inse th e  tube w ith  
a few c . c .  o f  e th e r ,  and a g a in  pour in to  the p o r c e la in  tube,  
which i s  then  p la ced  in  a w ater bath  t i l l  the  e th e r  e v a p o r a te s .
Chloroform to 5 c . c .  i s  added, shaken up, and the whole 
poured in to  a graduated tu b e . 2 c . c .  a c e t i c  anhydride and 
5 drops o f  pure su lp h u r ic  a c id  are added and mixed. Wait 
h a lf -a n -h o u r  b e fo re  comparing w ith  the standard,, a f t e r  which  
t im e, the g reen  c o lo u r  o b ta in ed  does not vary in  i n t e n s i t y .
Compare w ith  the standard b e fore  a g r o u n d -g la ss  background.
I f  the  tu b es  match, th e  2 c . o .  o f  b i l e  c o n ta in  th e  same
q u a n tity  o f  c h o le s t e r in e  as the s tan d ard , i . e .  0 .0 0 3  gm. or  
1 .5  gm. per l i t r e .
I f  the tubes do not match, proceed as f o l lo w s :  Withdraw 
f l u i d  from each tube t i l l  5 c . c .  are  l e f t .  23ien add t o  the  
deeper co lou red  tube s u f f i c i e n t  ch loroform  t i l l  a match i s  
o b ta in e d .  A l t e r n a t i v e l y ,  a m ixture o f  ch loroform , a c e t i c  
anhydride and s u lp h u r ic  a c id  may be added, but t h i s  i s  
u n n e c e ssa r y .  The c o n c e n tr a t io n  o f  c h o l e s t e r in e  can then  be  
e a s i l y  c a lc u la t e d  ( 8 5 ) .
Re s u i t s :
In c h o l e d o c h i t i s , the b i l e  f i r s t  c o l l e c t e d  i s  p a t h o lo g ic a l  
I t  i s  more v i s c i d ,  w ith  an e x c e s s  o f  f la k y  mucus, i s  u s u a l ly  
tu r b id  and " o f f ” co lo u r;  i t  c o n ta in s  pus c e l l s  enmeshed in  
mucus, e p i t h e l i a l  c e l l s ,  and o c c a s io n a l ly  red blood c o r p u s c le s .  
C u ltu res  may slrow p ath o gen ic  organ ism s. C h o le d o c h it is  may be 
p r e se n t  a lone  in  sim ple c a ta r r h a l  ja u n d ic e .
In c h o l e c y s t i t i s  w ithou t c h o l e d o c h i t i s ,  the  f i r s t  b i l e  
c o l l e c t e d  i s  r e l a t i v e l y  norm al, but the second b i l e  i s  g r o s s ly  
p a t h o l o g ic a l .  I t  i s  more v i s c i d  than normal g a l l - b la d d e r  b i l e
and tu r b id  w ith  a f la k y  or s t r in g y  mucus; pus c e l l s ,  r ed -  
blood c e l l s  and desquamated epithelium are p r e s e n t ,  and c u l tu r e s  
show p a th ogen ic  organ ism s. The co lo u r  v a r ie s  from a deep 
go ld en  y e l lo w  t o  v a r io u s  shades o f  green  or g r e e n is h - b la c k .
In c h o l e l i t h i a s i s ,  ev id en ce  o f  c h o l e c y s t i t i s  i s  p r e sen t  
but in  a d d i t io n ,  t h e  b i l e  may c o n ta in  a sed im en t, g r i t t y  or  
sa n d lik e  in  c o n s i s t e n c y ,  and m ic r o s c o p ic a l ly  c o n s i s t i n g  o f  
c r y s t a l s  o f  b i l e - s a l t s .
R e s u lt s  o f  chem ical exam ination  o f  the norm al b i l e :
1 .  B i le  p igm ents .
B i le  A 
B i le  B 
B i le  C 
2 .  B i l e  s a l t s .
B i l e  A 
B i le  B 
B i l e  C 
2 .  C h o le s t e r in .  
B i le  A 
B i le  B 
B i le  C
12 u n i t s  
50 u n i t s  
6 u n i t s
2 - 4  gm. per l i t r e .  
10 -  14 gm. per l i t r e .  
1 - 2  gm. per l i t r e .
0 .2 5  gm. per l i t r e .  
1 .1 0  gm. per l i t r e .  
T races.
In c a ta r r h a l  ja u n d ic e ,  w h ile  the pigment c o n ten t  o f  the  
b i l e  rem ains h ig h ,  the s a l t s  are g r e a t ly  d im in ish ed  in  amount.
This may be due to  decreased  p ro d u ctio n  o f  s a l t s ,  or to  t i s s u e -  
f i x a t i o n ,  or to  tra n sfo rm a tio n  in to  o th e r  compounds.
In c h o l e l i t h i a s i s ,  i f  the  c y s t i c  duct i s  o c c lu d ed , no 
b i l e  B i s  o b ta in e d .  I f  the c y s t i c  duct i s  p a ten t;  the r e s u l t s  
ob ta in ed  are h ig h ly  c h a r a c t e r i s t i c .  The b i l e  pigment 
c o n c e n tr a t io n  i s  norm al. That o f  c h o l e s t e r in  and b i l e  s a l t s ,  
however, i s  g r e a t ly  d im in ished  in  a l l  th r ee  samples o f  b i l e ,
i . e .  d i s s o c i a t i o n  i s  p r e s e n t .
In atony o f  the g a l l - b la d d e r ,  the r e s u l t s  are again  
t y p i c a l .  A very abundant and very dark B b i l e  i s  o b ta in ed ,  
in  which a l l  th e  c o n s t i t u e n t s  are g r e a t ly  in c r e a s e d ,  the  
pigment c o n c e n tr a t io n  b e in g  doubled, w h i le  the s a l t s  may reach  
four t im e8 the normal amount.
C o n c lu s io n s :
Duodenal in tu b a t io n  i s  o f  very l im i t e d  a p p l i c a t io n ,  i t s  v a lu e  
b ein g  c o n f in e d  to  i n f e c t i v e  and inflammatory c o n d it io n s  o f  the  
b i l i a r y  t r a c t .  I t  i s  o f  use  in  the d ia g n o s is  o f  com plete  
b i l i a r y  o b s t r u c t io n ,  in  which c o n d it io n  no b i l e  i s  o b ta in e d ,  and 
o c c a s io n a l ly  in  the d i f f e r e n t i a l  d ia g n o s is  between c h o l e l i t h i a s i s
1 3 0 .
and cancer o f  the head o f  the p an crea s .
.From the p o in t  o f  v iew  o f  p r o g n o s is ,  the t e s t  i s  o f  no 
va lu e  w h atever.
U R O B ILIN  AND UROBILINOGEN T E S T S .
Very c o n f l i c t i n g  v iew s are h e ld  on th e  s u b je c t  o f  u r o b i l in o g e n  
fo rm a tio n , and the com plete chapter o f  i t s  o r ig i n  and f a t e  in  the 
body has y e t  to  be w r i t t e n .  I t  i s  g e n e r a l ly  a c c e p te d ,  however, 
th a t  the b i l i r u b i n  o f  the b i l e  which e n te r s  the i n t e s t i n e s  i s  
con verted  in to  a pigm ent, s t e r c o b i l i n ,  i d e n t i c a l  w ith  u r o b i l in o g e n .  
This change i s  brought about by the a c t io n  o f  b a c t e r i a .  The 
s t e r c o b i l i n  i s  absorbed in to  the c i r c u l a t i o n ,  and reaches the  
l i v e r  as u r o b i l in o g e n .  Thus, a c e r t a i n  amount o f  u r o b i l in o g e n  
i s  norm ally  p resen t  in  the b lo od . The pigment i s  a b s tr a c te d  
by the l i v e r  and b u i l t  up again  in to  b i l i r u b i n ,  but a sm a ll  amount 
i s  e x c r e te d  by the k id n e y s ,  and t r a c e s  are norm ally  to  be found in  
most u r i n e s .  On s ta n d in g ,  the u r o b i l in o g e n  i s  co n verted  in to  
u r o b i l i n  by a p r o c e ss  o f  o x id a t io n ,  u r o b i l i n  not b e in g  e x c r e te d  as  
such by the k id n e y s .  This change can a l s o  be brought about by the  
a d d it io n  o f  o x i d i s i n g  su b sta n c es  to  the u r in e ,  e . g .  i o d in e .  /
This v iew  o f  the o r ig in  o f  u r o b i l in o g e n  i s  the one most g e n e r a l­
ly  h e ld ,  but many o b ser v er s  do n ot agree w ith  t h i s ,  and Whipple
and Hooper s t a t e  (45) "There i s  not a shred o f  ev id en ce  to  
in d ic a t e  th a t  s t e r c o b i l i n  i s  ever  absorbed from the i n t e s t i n e ” .
This i s  n o t  the o n ly  method o f  form ation  o f  u r o b i l i n ,  
a cco rd in g  to  some. Halm h o ld s  th at a d is e a s e d  l i v e r  may form 
u r o b i l i n  e i t h e r  d i r e c t l y  as a product o f  i t s  c e l l s ,  or i n d i r e c t l y  
from d ecom p o sit ion  o f  b i l i r u b i n  w ith in  i t s  b i l e  p a s s a g e s .
In l i v e r  d i s e a s e ,  the amount o f  u r o b i l in o g e n  n o t  p icked  
out by the h e p a t ic  c e l l s  in c r e a s e s ,  and, accu m u latin g  in  the  
b lood , i s  e x c r e te d  by the k idneys in  e a s i l y  dem onstrable amounts. 
Again, in  h a em o ly tic  c o n d i t io n s ,  in c r e a se d  b i l e - f o r m a t io n  by 
the l i v e r  o c c u r s ,  and the l i v e r  i s  unable to  d ea l  w ith  the  
c i r c u l a t i n g  u r o b i l in o g e n .  A r e l a t i v e  i n s u f f i c i e n c y  o f  th e  l i v e r  
i s  thus p r e s e n t ,  and the u r o b i l in o g e n ,  in c r e a s in g  in  th e  b lo o d ,  
i s  e x c r e te d  in  th e  u r in e .  Another f a c t o r  may be the p resen ce  
o f  l i v e r  damage in  h aem oly tic  c o n d i t io n s ,  as i t  i s  probable  
th a t  in ju ry  to  the h e p a t ic  c e l l s  o ccu rs  in  d i s e a s e s  accompanied  
by in c r e a se d  b lo o d - d e s t r u e t io n .
The occurrence  o f  p u t r e f a c t iv e  c o n d it io n s  in  th e  i n t e s t i n e s  
a l s o  le a d s  tem p o ra r ily  to  in c r e a se d  u r o b i l in u r ia  but t h i s  c o n d it io n  
does not l a s t  lo n g .
French workers (86) h o ld  t h a t  the p resen ce  or  absence  o f
u r o b i l i n  in  the u r in e  depends on the amount o f  b i l i r u b i n  in  
the b lood , the k idney th r e s h o ld  b e in g  h ig h er  fo r  b i l i r u b i n  
than fo r  u r o b i l i n .  They s t a t e  th a t  when the amount o f  b i l i r u b i n  
in  the serum rea ch es  i t s  k idney th r e s h o ld ,  i t  i s  e x c r e te d  
unchanged, but when i t  f a l l s  below t h i s  p o in t ,  u r o b i l i n  i s  a ga in  
formed by the t i s s u e s ,  and i s  e x c r e te d  as su ch . So, in  m ild  
jaundice  we g e t  u r o b i l i n u r i a ,  and in  se v er e  ja u n d ic e ,  b i l i r u b i n u r i a .  
This view  i s  not g e n e r a l ly  h e ld ,  and the f a c t s  are capable  o f  
oth er  e x p la n a t io n s .
In c o n d i t io n s  where b i l e  i s  unable  to  reach  the i n t e s t i n e s ,  
a sm a ll  amount o f  s t e r c o b i l i n  may s t i l l  be found in  the f a e c e s .
This i s  probably due to the e x c r e t io n  o f  b i l i r u b i n  in t o  the  
i n t e s t i n e s ,  a b i l ir u b in a e m ia  b e in g  p r e se n t  in  th e s e  c o n d i t io n s .
UROBILIN T E S T .
This t e s t  i s  based on S c h le s in g e r ' s o b s e r v a t io n  th a t  i f  an 
a l c o h o l i c  s o l u t i o n  o f  z in c  c h lo r id e  or a c e t a t e  i s  added to  a 
u r in e  c o n ta in in g  u r o b i l i n ,  a green  f lu o r e s c e n c e  d e v e lo p s .  By 
f in d in g  the g r e a t e s t  d i l u t i o n  o f  the u r in e  in  which t h i s  f l u o r ­
e scen ce  can be observed  under g iv en  c o n d i t io n s ,  an e s t im a te  o f  
the amount o f  u r o b i l i n  may be made. The u r o b i l in o g e n  i s  f i r s t  
con verted  in to  u r o b i l i n  by the a d d i t io n  o f  io d in e .  (87)
Method:
10 c . c .  o f  u r in e  are measured, in t o  t e s t - t u b e  A, and to  
t h i s  are added th r e e  drops o f  a ‘5$ a l c o h o l i c  s o l u t i o n  o f  i o d in e .  
A fte r  sh ak in g  up, 1 c . c .  o f  t h i s  i s  measured in to  t e s t - t u b e  B.
I .  To t e s t - t u b e  A, which now c o n ta in s  9 c . c .  o f  u r in e ,  are  
added 9 c . c .  o f  a b s o lu te  a lc o h o l  and 1 gm. o f  z in c  a c e t a t e ,  and 
a f t e r  com plete s o lu t io n  o f  the z in c  a c e t a t e ,  the c o n te n ts  are 
f i l t e r e d  through a p l a i n  f i l t e r  (9 c .m . in  d iam eter) in t o  a 
t e s t - t u b e  having  a w idth  o f  16 m.m. ( D i lu t io n  o f  u r in e  i s  1 / 2 ) .
1 2 5 .
I I .  I f  the f i l t r a t e  f l u o r e s c e s ,  to  t e s t - t u b e  B are added 3 c . c .  
o f  w ater , 1 c . c .  o f  a c l e a r ,  20$ s o l u t i o n  o f  z in c  a c e t a t e  in  
w ater , and 5 c . c .  o f  a b so lu te  a l c o h o l .  A fte r  m ix ing , i t  i s  
f i l t e r e d .  ( D i lu t io n  o f  u r in e  i s  1 / 1 0 ) .
I I I .  I f  th e  f i l t r a t e  f l u o r e s c e s ,  5 c . c .  o f  the u n d i lu te d  u r in e  
are measured o u t .  To t h i s  are added 5 c . c .  o f  w ater , and two 
drops o f  s o l u t i o n  o f  io d in e .  From the m ix tu re , 1 c . c .  i s  
measured in t o  another  t e s t - t u b e ,  and mixed w ith  3 c . c .  o f  w ater ,
1 c . c .  o f  20$ z in c  a c e t a t e  s o l u t i o n  and 5 c . c .  o f  a b s o lu te  
a lc o h o l ,  and then  f i l t e r e d .  ( D i lu t io n  o f  u r in e  i s  1 / 2 0 ) .
IV. I f  the f i l t r a t e  f l u o r e s c e s ,  5 c . c .  o f  u r in e  are  measured 
in to  15 c . c .  o f  w ater , and two drops o f  s o l u t i o n  o f  io d in e  added. 
From the m ix tu re , 1 c . c .  i s  measured, and the procedure i s  the  
same as in  I I I .  ( D i lu t io n  o f  u r in e  i s  1 / 4 0 ) .
The f i l t r a t e  i s  always examined f o r  f lu o r e s c e n c e  in  d a y l ig h t  
f a l l i n g  from behind the ob server  through a t e s t - t u b e  16 m.m. w id e .  
Ammoniacal u r in e s  ought always to be a c i d i f i e d  w ith  a c e t i c  a c id  
b e fo re  making the  t e s t .  In the case  o f  h ig h ly  a c id  u r in e s ,  
i t  i s  a d v is a b le  to  make a lk a l in e  w ith  ammonia, and then  to  a c i d i f y  
w ith  a c e t i c  a c id .
The u r in e  o f  many normal p erson s c o n ta in s  u r o b i l i n  in
s u f f i c i e n t  q u a n t ity  to  g iv e  t h i s  t e s t ,  but on ly  r a r e ly  w i l l  a 
normal u r in e  g iv e  a p o s i t i v e  r e a c t io n  in  a d i l u t i o n  o f  1 /1 0 .
The lo w e s t  l im i t  fo r  a p a t h o lo g ic a l  u r o b i l in u r ia  may th e r e fo r e  be 
taken as 1 / 2 0 .  P o s i t iv e  r e s u l t s  in  p a t i e n t s  s u f f e r in g  from 
l i v e r - d i s e a s e  have been obta in ed  in  u r i n e - d i l u t i o n s  o f  1 /8 0 ,  
and even in  g r e a te r  d i l u t i o n s .
Borne t e c h n ic a l  d isa d van tages  to  the t e s t  are: (a) The 
v a r i a b i l i t y  o f  the f lu o r e s c e n c e ,  the i n t e n s i t y  v a ry in g  w ith  
f in e  shades o f  d i f f e r e n c e  in  the r e a c t io n ,  thus o f t e n  in t e r f e r i n g  
w ith  the end r e s u l t .
(b) The co n v e rs io n  o f  u r o b i l in o g e n  in to  u r o b i l i n ,  by red u cin g  
agen ts  such as io d in e  in tro d u ces  an elem ent o f  u n c e r ta in ty  as to  
whether th e  e n t i r e  u r o b i l in o g e n  has been thus changed. The 
s u n l ig h t  a lw ays c a u se s  some l o s s  in  the u r o b i l i n .
(c )  Some l o s s  o f  u r o b i l i n  when p r e sen t  in  la r g e  q u a n t i t i e s  a l s o  
takes p la c e  in  the p r e c i p i t a t i o n  w ith  the a l c o h o l i c  s o l u t i o n  o f  
zinc  a c e t a t e .
UROBILINOGEN TEST
This t e s t  i s  dependent on E h r l i c h ^  aldehyde r e a c t io n ,  
and c o n s i s t s  o f  a s e r i e s  o f  d i l u t i o n s  o f  th e  u r in e  c a r r ie d  to  a 
p o in t  where no f u r th e r  r e a c t io n  ta k es  p la c e .  The e n d - r e s u l t  
i s  reed  o f f  where the f a i n t e s t  p ink i s  s t i l l  d i s c e r n i b l e .  The 
read in g  i s  made by lo o k in g  through the mouth o f  the  t e s t - t u b e ,  
h o ld in g  the tube o b l iq u e ly  a g a in s t  a w hite  background. D i lu t io n s  
may be made w ith  p l a i n  tap w ater  ( 8 8 ) .
E h r l i c h ' s  aldehyde reagen t c o n s i s t s  o f  2 gm. o f  dim ethy1-  
amidobenzaldehyde in  100 c . c .  o f  20$ HC1 s o l u t i o n ) .  1 c . c .  o f  
E h r l ic h ' s  reagen t i s  added to  th e  whole u r in e ,  and th e  s t r e n g th  
o f  the r e a c t io n  noted  by the r a p id i t y  and i n t e n s i t y  o f  i t s  
developm ent. The f u l l  development r e q u ir e s  from 1 to  3 m in u tes .  
In s tr o n g  u r o b i l in o g e n  c o n c e n tr a t io n s ,  a deep red c o lo u r  
comes on prom ptly . The p resen ce  o f  abnormal q u a n t i t i e s  o f  
u r o b i l in o g e n  i s  e a s i l y  gauged from t h i s  q u a l i t a t i v e  t e s t ,  and 
d i l u t i o n s  are not proceeded w ith  i f  the c o lo u r  remains a l i g h t  
red w ith in  the time a l lo w ed , as here one d e a ls  w ith  normal v a l u e s .
I f ,  however, the o r i g i n a l  r e a c t io n  in d ic a t e s  an in c r e a s e ,  then a 
s e r i e s  o f  d i l u t i o n s  ore made by adding 1 c . c .  o f  the ur ine  to  
20, 30, 40, 50, 100, 200 c . c .  o f  w ater , or more. From 10 to  
15 c . c .  o f  each d i l u t i o n  i s  p la c ed  in  t e s t - t u b e s ,  and to each i s  
added 1 c . c .  o f  E h r l ic h ' s  r e a g e n t .  The read in g  i s  made a f t e r  
from 3 to  5 m in u tes ,  so as  to  a l lo w  the f u l l  development o f  the  
c o lo u r .  The l a s t  d i l u t i o n  must be the f a i n t e s t  p in k  
d i s c o l o r a t i o n ,  and the q u a n t i t a t iv e  d e term in a tio n  i s  ex p ressed  
in  terms o f  th e  g r e a t e s t  d i l u t i o n  o f  the u r in e  in  which the  p in k  
c o lo u r  i s  p r e sen t  e . g .  1 :1 0 ,  1 :5 0 ,  e t c .  I f  the co lo u r  does not 
appear w ith in  5 m inu tes, i t  may be d is r e g a r d e d .  I f  the tap  
w ater i s  too  c o ld ,  the r e a c t io n  may be somewhat r e ta r d e d .  Gare  
should  be taken th a t  the co lou r  i s  a genuine p in k  and not a 
y e l lo w is h  brown, as i s  o f t e n  found in  u r in e s  c o n ta in in g  b i l e ,  or 
co n cen tra ted  u r i n e s .  The t e s t  i s  p r e fe r a b ly  c a r r ie d  out in  
d a y l i g h t .  I t  i s  b e s t  not to  make a rea d in g  in  the b r ig h t  sun, 
as th e  s h in in g  rays  have a tendency to i n t e n s i f y  the co lou r*  
A r t i f i c i a l  l i g h t  a l s o  does t h i s  to  some e x t e n t .
T his t e s t  d is r e g a r d s  e n t i r e l y  the e s t im a t io n  o f  u r o b i l i n ,  
as t h i s  su b stan ce  i s  never  found in  the f r e s h ly - v o id e d  u r in e ,  
and forms o n ly  very  s lo w ly  i f  the u r in e  i s  kept away from
s u n l i g h t .  I f  u r in e s  c o n ta in in g  known amounts o f  u r o b i l in o g e n  
are a llow ed  to stan d  fo r  24 hours away from the s tr o n g  l i g h t ,  
and in  the c o ld ,  there  i s  a l o s s ,  a f t e r  24 hou rs, o f  one f i f t h  
o f  the t o t a l  u r o b i l in o g e n .  I f  the exposure i s  co n tin u ed  fo r  
another 24 h o u rs ,  th ere  i s  a l o s s  o f  anoth er  f i f t h ,  and so on, 
approxim ately  one f i f t h  or s l i g h t l y  l e s s  fo r  every  24 h ou rs .
S in g le  f r e s h  specim ens sh ou ld  be examined, ra th er  than 24 
hour specim ens, as in  t h i s  way, one specimen may be found v:ith a 
h ig h  u r o b i l in o g e n  c o n te n t .  Such an in c r e a s e ,  i f  o c cu rr in g  
even once a day, s i g n i f i e s  an e x i s t i n g  p a t h o lo g ic a l  c o n d i t io n .
ah is  t e s t  can be adapted to the e s t im a t io n  o f  the amount o f  
u r o b i l in o g e n  in  the s t o o l .  D i f f i c u l t i e s  p resen t  th em se lv es  
owing to  the p resen ce  o f  in d o l  and s k a t o l ,  which g iv e  a s im i la r  
r e a c t io n  w ith  E h r l ic h ' s  aldehyde r e a g e n t ,  and show s im i la r  
s p e c tr o s c o p ic  a b so r p t io n  bands in  a l c o h o l i c  e x t r a c t i o n s .  I t  
i s  th e r e fo r e  n e c e s s a r y  f i r s t  to  remove the p u t r e f a c t iv e  
s u b s ta n c e s .  This i s  b e s t  done by rubbing the s t o o l  in  a mortar  
w ith  petro leum  e th e r ,  and c e n t r i f u g in g .  S e v e ra l  such  
e x t r a c t io n s  are made u n t i l  the c le a r  su pern atant petro leum  e th e r  
no lo n g e r  g iv e s  E h r l ic h ' s  r e a c t io n .  Of the rem aining f a e c e s ,  
a l c o h o l i c  e x t r a c t io n s  are made t i l l  a l l  the u r o b i l in o g e n  i s
taken up . U sing  a d e f i n i t e  w eight o f  f a e c e s ,  and a d e f i n i t e  
amount o f  a lc o h o l ,  the u r o b i l in o g e n  can be q u a n t i t a t i v e l y  
est im a ted  in  s im i la r  d i l u t i o n s .
By the above method, u r o b i l in o g e n  i s  norm ally  found to  
be p r e sen t  in  the morning u r in e ,  but in  amounts which f a i l  to  
g iv e  a r e a c t io n  i f  the u r in e  i s  d i lu t e d  more than 1 i n  10 .
During th e  a fter n o o n  and ev en in g , the maximum d i l u t i o n  o f  u r in e  
which w i l l  r e a c t  to the t e s t  i s  1 in  20 . The l a s t  f ig u r e  
th e r e fo r e  i s  th e  l a r g e s t  d i l u t i o n  com patib le  w ith  n o rm a lity  which  
w i l l  r e a c t  to the t e s t .
COMBINED U R O B ILIN  AND UROBILINOGEN T E ST .
When u n d i lu te d  u r in e  i s  examined s p e c t r o s c o p ic a l ly ,  n o th in g  
i s  se e n , a s  a r u le ,  except a g e n e r a l  a b so r p t io n  o f  l i g h t ,  
which becomes deeper and deeper towards the b lu e  end o f  the 
spectrum . Even i f  u r o b i l in  i s  p r e s e n t ,  the a b so r p t io n  band 
cannot be c l e a r l y  d i f f e r e n t i a t e d .  When the amount o f  u r o b i l i n ,  
however, i s  much la r g e r  than the o th e r  l i g h t  absorb ing  
su b sta n c es  p r e s e n t ,  one f in d s  th a t  oh s im ple  d i l u t i o n  w ith  
water the band between b and F becomes more and more d i s t i n c t ,  
so th a t  i t  at l a s t  stands out sh a r p ly .  On s t i l l  fu r th e r  
d i l u t i o n  i t  b e g in s  to  fa d e ,  and a more or l e s s  d e f i n i t e  p o in t  
i s  reached a t  which i t  becomes i n v i s i b l e  when the f u l l  amount 
o f  l i g h t  i s  a l lo w ed  to  p ass  through the sp e c tr o s c o p e ,  but can  
s t i l l  ju s t  be seen  when the l i g h t  i s  d im in ish ed  ( 8 9 ) .
I t  has a l s o  been found th a t  when E h r l i c h ' s  aldehyde rea g en t  
i s  added to  u r in e  c o n ta in in g  u r o b i l in o g e n ,  a c h a r a c t e r i s t i c  
a b so rp tio n  band i s  produced between D and S, which l i e s  between  
the red and the y e l lo w .
The f o l lo w in g  t e s t  c o n s i s t s  in  d i l u t i n g  a sarqple o f  
u rin e  t i l l  the c h a r a c t e r i s t i c  a b so r p t io n  bands as se e n  by 
the sp ec tro sco p e  are no lo n g er  v i s i b l e  when the  f u l l  amount o f  
l i g h t  i s  a llow ed  to e n te r  th e  in stru m en t, but are s t i l l  
v i s i b l e  when the l i g h t  i s  p a r t ly  shut o f f .
A tw e n ty -fo u r  hour sample o f  u r in e  i s  c o l l e c t e d  in  a v e s s e l  
made o f  dark-brown g l a s s ,  and which i s  kept in  the dark during  
c o l l e c t i o n  o f  the sam ple . A few thymol c r y s t a l s  are added to  
preven t fe r m e n ta t io n .  A fte r  m easuring the  amount o f  the  
tw en ty -fo u r  hour u r in e ,  10 c . c .  are mixed w ith  10 c . c .  o f  a 
sa tu r a te d  a l c o h o l i c  s o lu t io n  o f  z in c  a c e t a t e ,  and a f t e r  a few 
m in u tes , f i l t e r e d .  10 c . c .  o f  the f i l t r a t e  a re  ta k e n , and 
1 c . c .  o f  E h r l ic h ' s  s o l u t i o n  i s  added. The development o f  the  
u r o b i l in o g e n  band i s  not in s ta n ta n e o u s ,  a q u a rter  o f  an hour 
e la p s in g  b e fo r e  i t  r ea ch es  i t s  f u l l  i n t e n s i t y .  I t  i s  b e t t e r  t o  
w ait for  an hour b e fo re  making the r ea d in g , and during t h i s  
t im e, the s o lu t io n  should  be kept in  the dark. C itr o n 's  hand 
sp e c tr o sc o p e  i s  the most con v en ien t  instrum ent to  u s e .  The 
f i l t r a t e  i s  washed in to  a graduated tube, and d i lu t e d  w ith  
ta p -w ater  u n t i l  f i r s t  one and then the o th e r  band o f  l i g h t  
a b s o r p t io n  has d isappeared  when the f u l l  anount o f  l i g h t  e n te r s
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the s p e c tr o s c o p e ,  but i s  s t i l l  v i s i b l e  when the l i g h t  i s  
p a r t ly  shut o f f .  This g iv e s  a f a i r l y  d e f i n i t e  e n d -p o in t .  I t  
is. im portant th a t  the l i g h t  should  be always o f  approxim ately  
eq u a l i n t e n s i t y ,  and read in gs  are c o n v e n ie n t ly  made in  a dark 
room w ith  a Tungsten e l e c t r i c  b u lb , h o ld in g  the sp e c tr o sc o p e  
c lo s e  to  the source o f  l i g h t .
In h ig h ly  co lo u red  u r in e s  one may be in  doubt a s  to  
whether or n o t  a tra c e  o f  u r o b i l i n  i s  p r e s e n t ,  f o r  there  may 
be so much g e n e r a l  a b so r p t io n  o f  l i g h t  as  to  obscure the  
u r o b i l in  band in  the  u n d i lu te d  f i l t r a t e .  There i s  no such  
d i f f i c u l t y  w ith  the u r o b il in o g e n  band which l i e s  between  
the  red ana y e llo w  where there  i s  no marked l i g h t  a b s o r p t io n .  
With u r in e s  c o n ta in in g  b i l e ,  i f  the amount o f  u r o b i l i n  i s  
not very  la r g e ,  i t  i s  n e c e ssa r y  to add some F u l l e r ' s  e a r th  and 
to le a v e  the m ixture s ta n d in g  f o r  some time b e fo re  f i l t r a t i o n .  
I f  t h i s  i s  done, the u r o b i l i n  band can u s u a l ly  be read , even  in  
the u n d i lu te d  f i l t r a t e .
The d i l u t i o n  req u ired  g iv e s  the va lu e  fo r  5 c . c .  o f  u r in e .  
I f  t h i s  f ig u r e  i s  m u l t ip l i e d  by the  number o f  5 c . c .  q u a n t i t i e s  
in th e  tw en ty -fo u r  hour u r in e ,  the number o f  d i l u t i o n s  which  
would have been n e c essa ry  i f  a l l  the u r o b i l in o g e n  and u r o b i l i n
in  th e  tw e n ty -fo u r  hour amount had been c o n cen tra ted  in  a 
volume o f  5 c . c .  i s  o b ta in e d .  For in s ta n c e ,  in  a tw en ty -  
fou r  hour u r in e  m easuring 1 ,0 0 0  c . c .  a rea d in g  o f  ten  d i l u t i o n s  
fo r  u r o b i l in o g e n  and tw enty  fo r  u r o b i l i n  would be 30 x  200 = 6 ,0 0 0 .
With the  above method, a p o s i t i v e  r e s u l t  in  a tw e n ty -fo u r  
hour specim en o f  u r in e  in d ic a t e s  an abnormal in c r e a s e  over th e  
amount u s u a l l y  p r e s e n t .  Only v e r y  r a r e ly  i s  th e r e  p r e se n t  a 
f a i n t  degree o f  a b so rp t io n  in  the  r e g io n  o f  the  u r o b i l in o g e n  
or u r o b i l i n  bands in  the  u r in e s  o f  person s in  apparent h e a l t h .
R e su lt s  o f  th e  T e s t s :
The t e s t s  have been found to  g iv e  p o s i t i v e  r e s u l t s  in  th o se  
acute  and su b -a cu te  l i v e r  d i s e a s e s  in  which th e  parenchyma i s  
in v o lv e d .  In c h o l e c y s t i t i s ,  c h o l e l i t h i a s i s ,  carcinoma o f  th e  
common b i l e - d u c t ,  and in  o th er  ch ron ic  b i l i a r y  d i s e a s e s ,  the  
t e s t s  show no a l t e r a t i o n  in  l i v e r  f u n c t io n .
In ch ro n ic  l i v e r  d i s e a s e s ,  however, c o n tr a r y  to th e  acu te  
s t a t e s ,  a p o s i t i v e  t e s t  may not be o b ta in e d ,  and in  f a c t ,  th e  
t e s t  i s  u s u a l l y  n e g a t iv e .  Many c a se s  o f  c i r r h o s i s  o f the  l i v e r ,  
w ith  h e p a t ic  and s p l e n ic  enlargem ent and a s c i t e s  f a i l  to  show 
a p a t h o lo g ic a l  in c r e a s e  in  u r o b i l in o g e n .  In  su b -a c u te  l i v e r
d i s e a s e s ,  and in  the a c u te  e x a c e r b a t io n s  o f  chron ic  d i s e a s e s ,  
the u r o b i l in o g e n  i s  u s u a l ly  in c r e a s e d .
In h a em oly tic  d i s e a s e s ,  su ch  as p e r n ic io u s  anaemia, haem olytic  
i c t e r u s ,  s e p t i c  s t a t e s ,  m a la r ia , l e a d -p o i s o n in g ,  and o th e r  
haem olyses produced by p o iso n s  such as a n t i f e b r in  and su lp h o n a l,  
a p a t h o lo g ic a l  in c r e a se  in  u r o b i l in o g e n  i s  o b ta in e d .
Other c o n d i t io n s  in  which the t e s t  i s  p o s i t i v e  are: Toxic  
s t a t e s ,  such as ec lam psia  and t o x i c  pregnancy, th e  l a t e r  s ta g e s  
o f  t u b e r c u l o s i s ,  i n t o x i c a t i o n  r e s u l t i n g  from the in tak e  o f  la r g e  
amounts o f  a l c o h o l ,  and i n f e c t i o u s  d i s e a s e s ,  such as  m eas les  and 
s c a r l e t  f e v e r .
In m a la r ia ,  in c r e a se  o f  u r o b i l in o g e n  i s  a c o n sta n t  f in d in g ,  
and the d ia g n o s is  i s  thus enabled to  be made b e fo re  th e  d isco v ery  
o f  p a r a s i t e s  i n  the b lo o d .
The c o n sta n t  p resen ce  o f  u r o b i l in o g e n  in  the u r in e  in  
c a ta r r h a l  jau n d ice , and i t s  t o t a l  absence in  m echan ica l i c t e r u s ,  
such a s  i s  encountered  in  carcinoma o f  the head o f  the pancreas  
and o f  th e  b i l i a r y  t r a c t s  forms a marked d i s t i n g u i s h in g  d ia g n o s t ic  
fe a tu r e  between t h i s  benign form o f  jaundice  and th a t  due to  
m alignant c a u s e s .
In the d i f f e r e n t i a l  d ia g n o s is  between p e r n ic io u s  and o th e r
forms o f  anaemia, a p o s i t i v e  r e s u l t  in v a r ia b ly  in d ic a t e s  the  
p resen ce  o f  p e r n ic io u s  anaemia, as u r o b i l in o g e n  i s  not e x c r e te d  
in the  secondary anaem ias.
fh e se  t e s t s  are th e r e fo r e  very u s e f u l  c l i n i c a l  a i d s ,  but 
they  respond on ly  to  the more acute  and su b -a cu te  ty p e s  o f  
l i v e r  d i s e a s e .  A p o s i t i v e  r e s u l t  i s  o f  g r ea t  v a lu e  and 
d e f i n i t e  p roo f  th a t  a p a th o lo g ic a l  p r o c e ss  i s  p r e s e n t .  A 
n e g a t iv e  r e s u l t  i s  v a l u e l e s s ,  and may be o b ta in ed  even in  the  
p resen ce  o f  very advanced chron ic  d i s e a s e .
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WAfJEK METABOLISM I'UhCTIOfl TESTS.
The w ater  o f  the body has an endogenous and exogenous  
o r i g i n .  The exogenous water i s  d er ived  from the food and 
drink; the endogenous w ater  i s  formed in  the cou rse  o f  chem ical  
r e a c t io n s  in  the  body.
The w ater o f  the body can be d iv id e d  in to  th r e e  system s  
(Achard) .
1 .  The w ater o f  the t i s s u e s  or water o f  c o n s t i t u t i o n .
2 .  The water o f  the b lood , or  w ater c i r c u l a t i n g  in  the
b l o o d - v e s s e l s  and ly m p h a tic s ,  and form ing a c lo s e d  
system .
S . The water d i s t r ib u t e d  in  the  i n t e r s t i c e s  o f  the c e l l s
and t i s s u e s  and in  the serou s  c a v i t i e s ,  the su p p ortin g
or r e se r v e  w a te r .
n o rm a lly , the movement o f  water in  the  body i s  r e g u la te d  
by a com p lica ted  system  whien ten ds to  m ain ta in  the s t a t e  o f  
h y d ra t io n  o f  the t i s s u e s  and the c o n c e n tr a t io n  o f  the body 
f l u i d s  a t  a co n sta n t  l e v e l .  This r e g u la t in g  system  i s  but 
im p e r fe c t ly  known, but i t  i s  put in t o  p la y  by n erv ou s , m echan ica l  
and p h y s ic o -c h e m ic a l  f a c t o r s .  The passage  o f  w ater  between the
blood c a p i l l a r i e s  and t i s s u e  sp aces depend on th e  in t r a -v a s c u la r  
p r e s s u r e ,  the o sm otic  p r e ssu re  o f  c r y s t a l l o i d s ,  and the osm otic  
p r e ssu re  o f  p r o t e in s  con ta in ed  in  the b lo o d .  Ign orin g  th e  
c r y s t a l l o i d s ,  the passage  o f  w ater i n t o  and from the t i s s u e -  
sp a ce s  depends on the d i f f e r e n c e  between the c a p i l l a r y  b lo o d -  
p r e s s u r e ,  and the osm otic  p r e ssu r e  o f  the p r o t e i n s .  When th e  
former exceed s the l a t t e r ,  tra n su d a tio n  o c c u r s ,  and c o n v e r se ly ,  
when the osm otic  p ressu re  o f  the p r o t e in s  exceed s th e  i n t r a ­
c a p i l l a r y  p r e s s u r e ,  r e -a b s o r p t io n  o f  water ta k e s  p l a c e .  Hydraemia 
produced by in g e s t io n  o f  a la r g e  q u a n tity  o f  water low ers  th e  
t e n s io n  o f  the p r o t e in s ,  and favours the p assage  o f  water in to  
the t i s s u e - s p a c e s ; th e  s e c r e t io n  o f  u r in e  then d im in ish es  the 
hydraem ia, the c o n c e n tr a t io n  o f  the p r o t e in s  i s  thereupon  
in c r e a s e d ,  and r e -a b s o r p t io n  o f  water ta k es  p l a c e .
G ovaerts hrs shown t h a t  the albumin o f  the serum has an  
osm otic  p r e ssu re  more than fo u r  t im es as g r e a t  as th a t  o f  the  
g l o b u l i n .  A d im in u tion  i n  the a lb u m in -g lo b u lin  r a t i o  i s  
observed  i n  c e r t a i n  c a ses  o f  oedema. The l i p o i d s  have a l s o  
been shown to  p la y  an im portant p a r t ,  as w e l l  as the hydrogen io n  
c o n c e n tr a t io n  o f  the b lo o d . Other f a c t o r s  d o u b t le s s  are a l s o  
in v o lv e d ,  but th ey  a l l  depend on the i n t e g r i t y  and harmonious
f u n c t io n in g  o f  the nervous system , c a r d io -v a s c u la r  ap p aratu s,  
and v a r io u s  g la n d s .  The l i v e r ,  k idney  and endocr in e  g land s  
can a c t  upon and a f f e c t  the p h y s ic o -c h e m ic a l  e q u i l ib r iu m  in  
d i f f e r e n t  ways, fo r  exam ple, by d is tu r b in g  the m etabolism  o f  
p r o t e in s  and l i p o i d s .
P a t h o l o g ic a l ly ,  the l i v e r  can a f f e c t  water m etabolism  
in  the f o l lo w in g  ways:
1 .  M ech a n ica lly , by o b s t r u c t in g  the p o r t a l  c i r c u l a t i o n ,  and 
thus the a b so rp t io n  o f  w a ter .
2 .  By c a u s in g  p h y s ic o -c h e m ic a l  a l t e r a t i o n s  in  the b lood , e . g .  
by d is tu rb a n c es  in  the m etabolism  o f  p r o te in s  and l i p o i d s .
3 . By c a u s in g  l e s i o n s  o f  the  endothelium  o f  the c a p i l l a r i e s .  
T h is ,  w h ile  not a c t u a l l y  causin g .oed em a, may y e t  determ ine  
i t s  l o c a l i s a t i o n .
FRACTIONAL D IU R E S IS  TEST
Method:
The p a t i e n t  i s  put on a s a l t - f r e e  d ie t  fo r  2 d a y s . The 
t e s t  i s  performed f a s t i n g ,  and in  the e a r ly  morning. The 
bladder i s  em ptied , and the n ig h t -u r in e  r e j e c t e d .  He then  
sw allow s 200 c . c .  o f  water every h a l f -h o u r  t i l l  800 c . c .  have 
been drunk. The ur ine  i s  c o l l e c t e d  every  h a l f -h o u r  fo r  three  
h ou rs , and the amount measured each t im e . The t e s t  i s  r ep ea ted  
the fo l lo w in g  day, w ith  the p a t ie n t  l y in g  down, the f i r s t  t e s t  
having been performed in  the u p r ig h t p o s i t i o n .
P r e v io u s ly  to  the t e s t  b e in g  performed the day and n ig h t
u r in e s  are c o l l e c t e d  and measured. N orm ally , the day u r in e
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should be -^rd o f  the t o t a l  u r in e .
R e s u lt s :
N orm ally , the volume o f  u r in e  p assed  in  the th ree  hours  
should be eq u a l t o ,  or somewhat more than t h a t  o f  the w ater  
sw allow ed . The u r in e  p assed  should  be the same in  th e  u p r ig h t
and ly in g-dow n p o s i t i o n .  The curve o f  e l im in a t io n  r i s e s  to a 
maximum and then f a l l s  a g a in ,  so th a t  the l a s t  specimen i s  
approxim ately  eq u a l to  th a t  o f  the f i r s t .
In p a t h o lo g ic a l  c o n d i t io n s ,  the f o l lo w in g  v a r ia t io n s  are  
met w i t h .
1 .  C a r d io -v a sc u la r  c o n d it io n s :  E l im in a t io n ,  which i s  
decreased  in  the u p r ig h t  p o s i t i o n ,  approaches the normal 
in  the ly in g  down p o s i t i o n ,  the improvement in  the l a t t e r  
case  d en otin g  the c ir c u la t o r y  o r ig i n  o f  the d i s e a s e .
2 .  Renal C o n d it io n s:  The t o t a l  q u a n tity  e l im in a te d  i s  more 
or l e s s  d im in ish ed . The e f f e c t  o f  p ostu re  i s  l i t t l e ,
i f  a t  a l l ,  marked. E x c r e t io n  tends to  become uniform , 
and i s  more so ,  the more marked the l e s i o n .  S im i la r ly ,  
the n ig h t -u r in e  tends to  equal the  d a y -u r in e .
3 . H epatic  c o n d i t io n s ,  w ith  in c r e a se  in  the p o r ta l  p ressu re :  
There i s  a c o n s id e r a b le  d e lay  in  e x c r e t io n ,  which i s  n o t  
in f lu e n c e d  by p o s t u r e .  R enal C o n d it io n s ,  however, must 
f i r s t  be e x c lu d e d . Where s e v e r a l  p a t h o lo g ic a l  c o n d it io n s  
are p r e s e n t ,  in t e r p r e t a t io n  o f  r e s u l t s  becomes very  
d i f f i c u l t .
The t e s t  i s  a u s e f u l  one where th ere  i s  rea son  to  su sp ec t  
h e p a t ic  c o n g e s t io n  or e a r ly  c i r r h o s i s ,  but c o n c lu s io n s  can  
on ly  be t e n t a t i v e  ( 9 0 ) .
CUTANEOUS OEDEMA ‘TEST
(A ld r ich  & McClure)
Method:
Two drops o f  serum are in j e c t e d  in to  the sk in  o f  the 
f r o n t  o f  the forearm* The time taken  fo r  the h a l l  o f  oedema 
to  absorb i s  then  n o te d .
R e s u l t s :
N orm ally , the time o f  a b so r p t io n  v a r ie s  from 50 to  90 
m in u tes .
When oedema i s  p r e s e n t ,  a b so rp t io n  o ccu rs  in  a few  
m in u tes . In s u b j e c t s  who are not oedematous, but show a 
tendency to  oedema, a b so rp t io n  ta k es  30 to  45 m in u tes .
The a b so rp tio n  time i s  a l s o  g r e a t ly  decreased  in  c o n d it io n s  
o f  dehydration; the t e s t  i s  t h e r e fo r e  on ly  an e x p r e s s io n  o f  
la c k  o f  water o f  the t i s s u e s ,  and g iv e s  no fu r th e r  in fo rm a tio n  (91)
TRANSUDATION T E S T .
Method:
A mark i s  made on the p a t i e n t ' s  w r i s t ,  and he then  
plunges h i s  hand v e r t i c a l l y  in to  a v e s s e l  o f  water up t o  th e  
mark. The l e v e l  o f  w ater  in  the v e s s e l  i s  then marked. The 
hand i s  withdrawn, and a to u r n iq u e t  p la c ed  round the w r is t  
at th e  l e v e l  o f  the mark p r e v io u s ly  made, so as to  o b s tr u c t  
the venous c i r c u l a t i o n  o n ly ,  for  10 m in u tes . The to u rn iq u e t  
i s  taken  o f f ,  the hand h e ld  h o r iz o n t a l ly  fo r  5 m in u tes ,  then  
a g a in  immersed in  the v e s s e l  o f  w ater  up to  th e  mark on th e  w r i s t .  
The l e v e l  o f  water in  the c o n ta in e r  i s  n o te d , and the d i f f e r e n c e  
r e p r e se n ts  the in c r e a s e  in  volume o f  the hand due to  oedema caused  
by the c o n s t r i c t i o n .
R e s u lt s :
Norm ally , the t e s t  i s  n e g a t iv e .
In p a t h o lo g ic a l  c o n d i t io n s ,  t h j  in c r e a se  in  volume may exceed
50 c .c *  In h e p a t ic  c o n d it io n s  w ith  oedema, or even on ly  
w ith  a s c i t e s ,  the tra n su d a t io n  t e s t  i s  markedly p o s i t i v e .  I t  
may a l s o  be p o s i t i v e  in  grave h e p a t ic  a f f e c t i o n s  w ithou t e i t h e r  
oedema or a s c i t e s .
The r e s u l t s  ob ta in ed  by the tra n su d a t io n  t e s t s  are p a r a l l e l  
to  th o se  o b ta in ed  in  the  cutaneous oedema t e s t ,  and measure 
the p e r m e a b i l i ty  o f  the c a p i l l a r y  endothelium  to  tra n su d a t io n  
o f  p lasm a. I t  i s  not s p e c i f i c ,  and i s  p o s i t i v e  in  o th e r  
c o n d it io n s  com p licated  by oedema ( 9 2 ) .
T E S B L O O  D - C 0 AGULA T ION TES T
The c o a g u la t io n  o f  blood r e s u l t s  in  th e  form ation  o f  f i b r i n  
from the f ib r in o g e n  p r e se n t  in  the blood by the  a c t io n  o f  a 
ferm ent, thrombin. The l a t t e r ,  however, i s  not p r e sen t  as  
such in  the c i r c u l a t i n g  b lood , but occu rs as thrombogen, which  
i s  converted  in to  thrombin by the a c t io n  o f  two su b s ta n c e s ,  
throm bokinase , der ived  from th e  b l o o d - p l a t e l e t s  and l e u c o c y t e s ,  
and a s o lu b le  s a l t  o f  ca lc iu m .
A ccording to  N o l f ,  a l l  the su b s ta n c e s  on w hich  c o a g u la t io n  
o f  the blood depend, are p r e sen t  in  the b lood  in  th e  form o f  a 
s t a b le  c o l l o i d a l  complex. C lo t t in g  ta k es  p la c e  when the  
e q u il ib r iu m  o f  the  c o l l o i d  i s  d is tu rb ed , w ith  the form ation  of  
a g e l .
I t  i s  h e ld ,  though the ev id en ce  i s  not c o n c lu s iv e ,  th a t  
the l i v e r  i s  the s e a t  o f  p rodu ction  of f ib r in o g e n ,  thrombogen and 
a l s o ,  an ti-th rom b ogen .
Method:- *
Blood i s  drawn in to  a number o f  c a p i l l a r y  tubes from
a puncture o f  the f i n g e r .  The end o f  t ach tube i s  c lo s e d  w ith  
a rubber band, and a l l  the  tubes are immersed in  a w ater-b ath  
kept at a co n sta n t  temperature o f  37°C. At the end o f  each  
minute a f t e r  immersion, a tube i s  withdrawn, and the  blood  
blown out o f  the tu b e .  When the b lood  c l o t s ,  i t  can  no lo n g e r  
be blown o u t ,  and the time a f t e r  immersion when t h i s  occu rs  
den otes  the c o a g u la t io n  tim e o f  the  b lo o d .
R e s u lt s :
N orm ally , the b lood ta k es  4 m inutes to  c l o t ,  a t  37°C.
In p a t h o lo g ic a l  c o n d it io n s  o f  the l i v e r ,  the time i s  sometimes 
in c r e a se d  (9 3 ) .
THE BLEEDING-TIME TEST: (Duck's T est)
Method:
A puncture i s  made in  the lo b e  o f  the e a r ,  and the blood  
removed w ith  b lo t t in g -p a p e r  every 30 seco n d s ,  t i l l  b le e d in g  s to p s
R e s u l t s :
N orm ally , the b le e d in g  c e a s e s  a f t e r  4 m in u tes .  In p a th o lo g  
i c a l  c o n d i t io n s  o f  th e  l i v e r ,  the time o f  b le e d in g  i s  in c r e a s e d .
THE TOURNIQUET TEST:
Method:
A to u rn iq u e t  i s  p la c e d  round the upper-arm s o  as to  
o b s tr u c t  the  venous c i r c u l a t i o n  o n ly ,  fo r  10 m in u tes .
R e s u l t s :
N orm ally , n o th in g  happens. In p a t h o lo g ic a l  c o n d i t io n s ,  
sm a ll  purpuric  sp o ts  appear on the forearm . The t e s t  i s  on ly  
p o s i t i v e  in  se v e r e  h e p a t ic  in s u f f ic ie n c y * .
None o f  the above th r e e  t e s t s  are o f  much v a lu e ,  c l i n i c a l l y  
in  the d ia g n o s is  o f  h e p a t ic  a f f e c t i o n s .
FIBRINOGEN T E S T .
I t  has b e e n  e s t a b l i s h e d  th a t  the l i v e r  i s  probably the s o le  
source o f  f ib r in o g e n  in  the body ( 9 4 ) .  Working on dogs, whose 
l i v e r  had been in ju red  by ch loroform , Whipple and Hurwitz found  
th a t  the b lood f ib r in o g e n  showed a drop corresp ond ing  to  the  
amount o f  l i v e r  n e c r o s i s .  By a d m in is te r in g  s u f f i c i e n t  ch loroform  
the f ib r in o g e n  was a lm ost e l im in a te d  from t h e  c i r c u l a t i n g  b lo od ,  
so  th a t  b le e d in g  continued  fo r  hours from sm a ll  sk in  p r ic k s  
or c u t s .  As the l i v e r  undergoes r e p a ir ,  a p r o c e ss  which may 
be com plete  in  ten  days, the f ib r in o g e n  reappears in  th e  b lo o d ,  
and, s h o r t ly  a f t e r  r e c o v e r y , the f ib r in o g e n  in  th e  b lood may 
reach an abnormally h ig h  l e v e l .
Method:
About 9 c . c .  o f  b lood  are c o l l e c t e d  from a v e in  i n t o  a 
v a s e l in e d  syringe-, and d e l iv e r e d  im m ediately in t o  a 15 c .c *  
h a em a to cr it  tub e, which c o n ta in s  1 c . c .  o f  a 1 °/o sodium o x a la te  
s o l u t i o n .  The tube w ith  i t s  c o n te n ts  i s  im m ediately  in v e r te d
tw ic e  to  ensure thorough m ixing ( 9 5 ) .  The m ixture i s  
c e n tr i fu g e d  at h ig h  speed (3 ,0 0 0  r e v o lu t io n s  per minute) f o r  
30 m in u te s .  The amount o f  c e l l u l a r  e lem en ts  and plasma are  
read to  te n th s  o f  a cub ic  cen tim etre*  E x a c t ly  2 c . c .  o f  the 
plasma are d e l iv e r e d  by a c a l ib r a t e d  p ip e t t e  in t o  a tumbler  
c o n ta in in g  40 c . c .  o f  a 0.8% s o l u t i o n  o f  sodium c h l o r i d e ,  and
2 c . c .  o f  a 2 .5 $  s o lu t io n  o f  ca lc iu m  c h l o r i d e .  A s im i la r  
d u p l ic a te  sample i s  s e t  up . The p r e p a r a t io n s  are thorough ly  
mixed, and a llo w ed  to stand a t  room tem perature fo r  2 h ou rs .
To sane abnormal b lo o d  plasmas, i t  i s  n e c e ssa r y  to  add normal 
serum, and a lo n g e r  p e r io d  may be r eq u ire d  to  ensure com plete  
c o a g u la t io n .
The f i b r i n  i s  fre ed  from the f l u i d  e lem en ts  by g e n t le  
m an ip u la tion  and p ressu re  w ith  a g l a s s  rod . The f i b r i n  mass 
thus o b ta in ed  i s  then  washed in  d i s t i l l e d  w a te r .  The c le a r  
f r e e  f i b r i n  i s  then  p la c e d  in  a sm a ll  p o r c e la in  c r u c ib le ,  and 
d r ied  in  an oven a t  110°C to  a c o n sta n t  w e ig h t .  This r e q u ir e s  from
3 to  10 h ou rs , depending on the amount o f  f i b r i n .  A f te r  d ry in g ,  
the c r u c ib le  i s  p la c e d  in  a d e s s ic a t o r ,  and a llo w ed  to  c o o l .  The 
w eight o f  the c r u c ib le  i s  recorded to  te n th s  o f  a m il l ig r a m .
The f i b r i n  i s  then  i g n i t e d  in  the c r u c ib le  over a Bunsen flame
U o *
(15 m inutes com bustion t im e ) .  While s t i l l  warm, the c r u c ib le  i s  
placed  in  a d e s s ic a t o r ,  and when c o o l ,  i t  i s  rew eigh ed . The 
d i f f e r e n c e  in  the w e ig h ts  before  and a f t e r  burning i s  the w eight  
o f  f i b r i n  fo r  the sample a n a ly se d .  Knowing t h e  weight o f  
f i b r i n  per c . c .  o f  plasma, and the r a t i o  o f  red b lood  c e l l s  to  
plasma, we may c a lc u l a t e  the amount o f  f i b r i n  in  100 c . c .  o f  whole  
blood or b lood  plasm a.
The normal v a lu e s  fo r  blood f i b r i n  in  h e a l t h  range from 250 mgm. 
to 400 mgm. per 100 c . c .  o f  plasma, w ith  an average o f  about 
330 mgm.
No s p e c i f i c  r e s u l t s  a p p l ic a b le  to the d ia g n o s is  o f  h e p a t ic  
a f f e c t i o n s  have been found . In g e n e r a l ,  i t  may be sa id  th a t  
d i s e a s e s  s t im u la t in g  the  l i v e r  cause an in c r e a se  in  the b lood  
f ib r in o g e n  w h ile  th o se  which d epress  the l i v e r  le a d  to  a f a l l  
in the v a lu e .  Thus the e x te n t  and natu re  o f  the t i s s u e  in ju r y  
i s  the determ in ing  f a c t o r ,  and a s t e r i l e  a b s c e s s  i s  as e f f e c t i v e  
in  s t im u la t in g  f ib r in o g e n  p rod u ction , as one o f  s e p t i c  o r i g i n  ( 9 6 ) .  
N early  a l l  i n f e c t i o n s  g iv e  h igh  f ib r in o g e n  f in d in g s ,  e n c e p h a l i t i s ,
m
chron ic  n e p h r i t i s ,  m yocardia l d i s e a s e ,  s e p s i s ,  pneumonia, 
carcinoma and sarcoma. Of h e p a t ic  d i s e a s e s ,  c i r r h o s i s  g iv e s  
r e s u l t s  s l i g h t l y  above and below normal v a lu e s ,  cancer  and
o th e r  tumours g iv e  normal or in c re a se d  v a lu e s ,  w h ile  c o n g e s t io n  
o f  th e  l i v e r  g iv e s  un iform ly  in c re a se d  f i g u r e s .  Typhoid f e v e r  and 
grave anaemias g iv e  low f i g u r e s .
The o n ly  c o n d i t io n  which g iv e s  c o n s i s t e n t l y  very  low  
f ib r in o g e n  v a lu e s  i s  se v e r e  l i v e r  in ju r y .  In the e a r ly  s ta g e s  o f  
h e p a t ic  d i s e a s e ,  th e  blood f ib r in o g e n  i s  u s u a l ly  nonnal or in c re a se d  
This i s  e x p la in e d  by the  large  f a c t o r  o f  s a f e t y  p o s se s s e d  by th e  
l i v e r .
I t  i s  thus e v id en t  th a t  the f ib r in o g e n  t e s t  i s  o f  no 
va lu e  in  the c l i n i c a l  d ia g n o s is  o f  h e p a t ic  d i s e a s e .
152.
LIPASE TEST.
N orm ally , the blood c o n ta in s  a very  co n sta n t  amount o f  
f a t - s p l i t t i n g  ferm en t, and in  h e p a t ic  d i s e a s e ,  t h i s  i s  g r e a t ly  
in c r e a s e d .  i t  i s  supposed, th e r e f o r e ,  th a t  the l i v e r  i n h i b i t s  
the form ation  o f  l i p a s e .  Another theory  i s  th a t  the  l i v e r  
d e a ls  in  some way w ith  l ip a s e  absorbed from the i n t e s t i n e ,  but 
in  i t s  in ju re d  s t a t e ,  i s  unable to do s o ,  and a l lo w s  th e  enzyme 
to  p a ss  in t o  the g e n e ra l  c i r c u l a t i o n ,  in c r e a s in g  i t s  c o n c e n tr a t io n  
t h e r e .
The r o le  o f  th e  l i v e r  in  fa t -m e ta b o lism  appears to  be 
th a t  o f  c o n v e r t in g  the sa tu r a te d  f a t t y  a c id s  in to  the more 
a c t i v e  u n sa tu ra te d  form for  u t i l i s a t i o n  by the  t i s s u e s .  In some 
c a s e s  o f  h e p a t ic  damage, such as phosphorus or p o s t - a n a e s t h e t i c  
p o is o n in g ,  the f a t s  accumulate in  th e  l i v e r ,  which i s  unable to  
d ea l w ith  them, l e a d in g  to a grea t  in c r e a se  in  the s i z e  o f  th e  
organ •
Method:
in to  four  t e s t  tu b es  1 c . c .  o f  serum i s  p la c e d ,  and 0 .3  c . c .
o f  to lu e n e  added to  preven t decom position* 3 c * c .  o f  water are
then  added to each tu b e , making the  t o t a l  volume up to  4 c * c .  ( 9 7 ) .
To two o f  the tu b e s ,  0 .2 6  c . c .  o f  e t h y l  b u ty ra te  i s  added, and
a l l  the four  tub es  are incub ated  fo r  e ig h te e n  to  tw e n ty -fo u r
hours in  an in cu b ator  a t  37°C. The tu b es  are then removed, and a
drop o f  a z o l i tm in  s o lu t io n  i s  added to  each .
The tub es  c o n ta in in g  serum a lon e  are a l k a l i n e ,  and are  
n
t i t r a t e d  w ith  * c id .  The o th e r  tu b e s ,  in  which the l i p a s e  w i l l
have produced b u ty r ic  a c id ,  are  a c id  i n  r e a c t io n ,  and are  con-
w
se q u e n t ly  t i t r a t e d  w ith  —  a l k a l i .  The amount o f  l i p o l y t i c  a c t io n  
i s  the  sum o f  the amounts o f  a c id  and a l k a l i  u sed .
N orm ally , t h i s  i s  between 0 .2  and 0 . 3  c . c .  V alues above 
th e se  f i g u r e s  are e x c e s s i v e ,  and p o in t  to  an  in p rea se  i n  th e  
amount o f  l i p a s e  in  th e  b lood .
This t e s t  i s  a r e l i a b l e  on e , a p o s i t i v e  r e s u l t  i n d ic a t in g  
h e p a t ic  damage, but u n fo r tu n a te ly ,  the l e s i o n s  have to  be very  
g r o ss  b e fo re  r e s u l t s  o f  v a lu e  are o b ta in e d ,  a s  in  ch loroform  and 
s a lv a r s a n  p o iso n in g  ( 9 8 ) .  In f a c t ,  i t  would appear from p o s t ­
mortem s t u d i e s ,  th a t  the o n ly  c o n d it io n  capable  o f  in c r e a s in g  
the b l o o d - l i p a s e  i s  an a cu te  n e c r o s i s  o f  l i v e r  c e l l s ,  and th a t  
h y a l in e  or f a t t y  d eg en era t io n  w i l l  not cause t h i s  in c r e a s e .
L iver  n e c r o s i s ,  however produced, in  a l i v e r  p r e v io u s ly  
norm al, causes a c h a r a c t e r i s t i c  r i s e  in  the b lo o d - l ip a s e  
from 0 .2  c . c .  to 1 .2  c . c .  or even h ig h er  -  a r i s e  from f i v e  
to  e ig h t  t im es norm al. This r i s e  reaches i t s  maximum a f t e r  
tw e lve  to  tw en ty -fo u r  h ou rs , and may remain a t  t h i s  l e v e l  fo r  
tw en ty -fo u r  hours or lo n g er  in  f a t a l  c a s e s .  The curve o f  
blood l i p a s e  then  f a l l s  s lo w ly  t o  normal on the s i x t h  or  
e ig h t h  day, w i t h  r e p a ir  o f  the in ju red  parenchyma.
P o s i t i v e  r e s u l t s  have been ob ta in ed  in  the f o l lo w in g  
c o n d it io n s :  P o iso n in g  due to ch loroform , s a lv a r s a n ,  phosphorus
e t c .  Acute y e l lo w  atrophy, c h o l a n g i t i s ,  a b s c e s s  o f  l i v e r  w ith  
c o n s id e r a b le  d e s t r u c t io n  o f  l i v e r  t i s s u e ,  e c la m p s ia ,  leu kaem ia ,  
pneumonia, and s e p t ic a e m ia .  C ir r h o s is  o f  the l i v e r ,  and 
o th er  chron ic  c o n d it io n s  are not a s s o c ia t e d  w ith  an in c r e a se d  
b l o o d - l i p a s e .
The t e s t  appears to  be o f  very l im i t e d  a p p l i c a t io n .
Only a c u te  c o n d i t io n s ,  a s s o c i a t e d  w ith  g r o s s  l i v e r  d e s tr u c t io n  
g iv e  p o s i t i v e  r e s u l t s  and th e  t e s t  'is v a l u e l e s s  in  the ch ron ic  
and m ild ty p es  o f  h e p a t ic -  d i s e a s e .
CARBOHYDRATE METABOLISM T E S T S .
The carbohydrates o f  the food are transform ed in  th e  
d i g e s t i v e  t r a c t  in to  m onosaccharides, c h i e f l y  g lu c o s e ,  and 
c a r r ie d  by the p o r t a l  v e in  to  the l i v e r ,  where co n v e rs io n  in to  
g ly co g en  ta k es  p l a c e .  The l i v e r  can a l s o  convert in to  
g ly co g en  the  g lu c o se  formed from amino a c id s .  The g ly co g en  
o f  the l i v e r ,  which i s  the body r e s e r v e  o f  su gar, i s  r econ verted  
in to  g lu c o se  a cco rd in g  to the needs o f  the organism , and used  
fo r  the p ro d u ct io n  o f  e n e r g y . In a d d i t io n ,  g ly c o g e n  i s  
e s s e n t i a l  f o r ,  o r ,  at l e a s t ,  a s s i s t s  in  the performance o f  
v a r io u s  f u n c t io n s  o f  the l i v e r ,  p a r t i c u la r ly  the combustion o f  f a t s ,  
the m etabolism  o f  a c e t o - a c e t i c  a c id ,  the form ation  o f  u r e a ,  and 
the c o n v e rs io n  o f  c r e a t in e  in to  c r e a t i n in e .  F i n a l l y ,  i t  a id s  
the l i v e r  in  i t s  a n t i t o x i c  fu n c t io n  by c o n ju g a t io n  w ith  t o x ic  
s u b s ta n c e s .
The sugar absorbed from the food , t h e r e f o r e ,  i s  p a r t ly  
d estro y ed  and p a r t ly  converted  in to  g lycog en  by the l i v e r .
The e q u i l ib r iu m  between th e se  two p r o c e s s e s  m a in ta in s  th e
b lo o d -su g a r  a t  a c o n sta n t  le v e l*  The complex mechanism 
r e g u la t in g  t h i s  e q u i l ib r iu m  i s  not y e t  f u l l y  u n d erstood . The 
u t i l i s a t i o n  o f  sugar depends on a g lu c o s e - r e g u la t in g  system  
in  which v a r io u s  g lan d s p a r t i c i p a t e  ( l i v e r ,  p an creas , su p ra ren a l  
and h yp oph ysis  in  p a r t i c u l a r ) ,  the nervous system , and the  
t i s s u e s .
Norm ally, the f a s t i n g  b lo o d -su g a r  i s  about 0.1%. This 
r e p r e se n ts  f r e e  sugar -  the q u e s t io n  o f  combined sugar or 
p r o t e in  sugar i s  not f u l l y  u n r a v e l le d  y e t .  This average  
l e v e l  v a r ie s  w ith  the age and sex o f  the in d iv id u a l ,  and above 
a l l ,  w ith  the d i e t .  F o llow in g  a carbohydrate meal, th e r e  i s  
at f i r s t  a phase o f  a lim en ta ry  h yp erg lycaem ia , fo l lo w e d  by a 
second phase o f  s l i g h t  hypoglycaem ia . I f  a second meal i s  
taken s h o r t ly  a f t e r  the f i r s t ,  the  hyperglycaem ia  i s  l e s s  than  
th a t  observed  a f t e r  the f i r s t  m eal. This i s  c a l l e d  the Staub 
a f f e c t .  Again, in s u b j e c t s  subm itted  to  a carbohydrate  
f a s t ,  the hyperglycaem ia f o l lo w in g  a sugar-m eal may reach a 
very h igh  l e v e l .
G ly c o su r ia ,  g e n e r a l ly  sp eak in g , i s  a fu n c t io n  o f  
hyp erg lycaem ia , w ith ou t alw ays running p a r a l l e l  t o  i t .
G ly c o su r ia  may occur w ith ou t h yp erg lycaem ia , and r e s u l t s  from a
lo w er in g  o f  the r en a l  th r esh o ld  fo r  su g a r .  This occu rs in  
r e n a l  d ia b e t e s .  C on verse ly , hyperglycaem ia  i s  n o t  always  
accompanied by g ly c o s u r ia .  This i s  because  the  hyperglycaem ia  
does not reach  the l e v e l  o f  the ren a l  th r e sh o ld  o f  0.18%, 
below which no sugar appears in  the u r in e .  The absence o f  
g ly c o s u r ia  in  some c s e s  i s  ex p la in ed  by changes in  the k id n e y s ,  
but t h i s  in t e r p r e t a t io n  i s  som etim es i n s u f f i c i e n t  to  e x p la in  
the phenomena observed .
The f o l lo w in g  t e s t s  d escr ib e  the methods o f  e s t im a t in g  
the s t a b i l i t y  o f  the s u g a r -r e g u ia t in g  mechanism o f  the body.
The part which the l i v e r  p la y s  in  any observed  d is tu rb an ce  must 
then  be determ ined , e i t h e r  c l i n i c a l l y ,  or by a p r o c e ss  o f  
e x c lu s io n .  On account o f  the co m p lex ity  o f  the f a c t o r s  
in v o lv e d ,  in t e r p r e t a t i o n  i s  o f t e n  very  d i f f i c u l t .
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THE GLUCOSE TOLERANCE TEST.
Method;
The t e s t  i s  performed f a s t i n g ,  p r e fe r a b ly  in  the  e a r ly  
morning. A sample o f  blood i s  withdrawn, and th en  50 gm. 
o f  pure anhydrous g lu c o se  d is s o lv e d  in  100 c . c .  water are  
sw allow ed. 100 c . c .  water are g iv en  every h a l f -h o u r ,  
and a sample o f  b lood  withdrawn, t i l l  the b lood  reach es  the 
f a s t i n g  l e v e l  a g a in .  The b lo o d -su g a r  in  each  specimen i s  
e s t im a te d  by Bang's or McLean’s method.
R e s u l t s :
Norm ally , the f a s t i n g  b lo o d -su g a r  i s  about 0 .1 $ .  A f te r  
in g e s t io n  o f  50 gm. g lu c o s e ,  i t  r i s e s  to  0.15% in  one hour,  
and r e g a in s  the f a s t i n g  l e v e l  in  another  hour.
In p a t h o lo g ic a l  c o n d i t io n s ,  m o d if ic a t io n  o f  the two f a c t o r s ,  
the l e v e l  and d u ra t io n  o f  the hyperglycaem ia are ob served .
Thus, the l e v e l  may reach  0.18%, but very  seldom ex ceed s  i t ,  
except in  d ia b e te s  m e l l i t u s .  The d u ra t io n  o f  the hyperglycaem ia
may be in c r e a s e d .  Thus, w h ile  the maximum l e v e l  i s  reached  
a f t e r  one hour, the f a s t i n g  l e v e l  i s  not reg a in ed  for  two 
hours or even  lo n g e r .  This de lay  or d u ra tio n  o f  hyperglycaem ia  
i s  more c h a r a c t e r i s t i c  o f  s u g a r -r e g u la t in g  d is tu rb a n ce  than 
the a b s o lu te  h e ig h t  a t ta in e d  by the b lo o d -su g a r  c o n c e n tr a t io n .
P o s i t i v e  r e s u l t s  are o b ta in ed  in  h e p a t ic  d i s e a s e s ,  the  
c ir r h o s e s ,  i c t e r u s ,  i n f e c t i o u s  and t o x i c  h e p a t i t i s ,  but a l s o  
in  o th e r  a f f e c t i o n s .  Thus, a p o s i t i v e  r e s u l t  i s  the r u le  in  
o b e s i t y ,  in  which c o n d it io n  the l i v e r  i s  o f t e n  a f f e c t e d .  Graves" 
d is e a s e  and h y p e r p ie s i s  a l s o  g iv e  p o s i t i v e  r e s u l t s .  D ia b e te s  
must always be ex c lu d ed , though in  t h i s  d is e a s e  th e  b lo o d -su g a r  
c o n c e n tr a t io n  during the t e s t  u s u a l ly  ex ceed s 0 .2 $ ,  and may 
l a s t  s e v e r a l  h o u rs .  But a l l  in te rm e d ia te  s t a g e s  e x i s t  between  
the s u g a r -r e g u la t in g  d is tu rb an ce  due t o  h e p a t ic  d i s e a s e s ,  and 
th a t  due to  d ia b e te s  ( 9 9 ) .  This t e s t  i s  n o t  so r e l i a b l e  as  the  
f o l lo w in g  ones o f  carbohydrate to le r a n c e .
T H E L A E V U L O S E  TOLERANCE T E S T .
Sugar reaches the l i v e r  through the  p o r t a l  c i r c u l a t i o n  
in  the form o f  m onosaccharides, where i t  i s  a b s tr a c te d  and 
s to r e d  as g ly c o g e n .  The l i v e r ,  however, i s  unable  to  do t h i s  
w ith  e q u a l  f a c i l i t y  w ith  a l l  su g a rs .  Thus, the  a d m in is tr a t io n  
o f  any su g a r ,  ex cep t  la e v u lo s e  (and g a la c t o s e )  le a d s  to  a r i s e  
in  the b lo o d -su g a r  from the f a s t i n g  l e v e l  o f  0.1% to  som ething  
l i k e  0.15% f a l l i n g  a g a in  to  normal in  about 1-J- h o u rs .  In 
s im i la r  doses  la e v u lo s e  does not cause such a r i s e  in  the  
b lo o d -su g a r ,  the in c r e a s e  n ever  b e in g  more than 0.02% in  
normal in d iv id u a l s  (1 0 0 ) ,  The in fe r e n c e  i s  t h a t  the l i v e r  
i s  a b le  t o  s to r e  la e v u lo s e ,  w i th in  c e r t a i n  l i m i t s ,  as f a s t  as  
i t  e n t e r s  the b lood  stream . When, however, the l i v e r  i s  
d e f e c t i v e ,  the type o f  b lo o d -su g a r  curve i s  a l t e r e d ,  as the 
l i v e r  i s  unable  to  p reven t the la e v u lo s e  from e n te r in g  the  
c i r c u l a t i o n  (1 0 1 ) .
171.
Method:
The p a t ie n t  should f a s t  fo r  a t  l e a s t  th r e e  hours b e fore  
the t e s t ,  a f t e r  which time the in f lu e n c e  o f  the p rev iou s  meal 
on the b lo o d -su g a r  w i l l  have p a sse d , in  normal persons* A
lo n g e r  i n t e r v a l  s t i l l  i s  perhaps b e t t e r ,  and a good p lan  i s  to
in s t r u c t  the p a t ie n t  to have a l i g h t  b r e a k fa s t ,  and a tten d  fo r  
the t e s t  4 - 5  hours l a t e r .  A sample o f  b lood  i s  taken  
im m ediately  b e fo re  the t e s t ,  the la e v u lo s e  i s  then drunk, and 
fu r th e r  samples are taken a t  h a l f -h o u r ly  i n t e r v a l s ,  fo r  two 
h ou rs , the b lo o d -su g a r  e s t im a t io n s  b e in g  c a r r ie d  out in  the  
i n t e r v a l s  between the tak in g  o f  the b lo o d . The la e v u lo s e  i s  
g iv en  d is s o lv e d  in  100 -  200 c . c .  water* The amount o f  l a e v u lo s e  
v a r ie s  w ith  the weight o f  the p a t i e n t .  The f o l lo w in g  are  
con ven ien t  amounts (1 0 2 ) .
Body-weight L aevu lose
80 Kg. 50 g .
60 Kg. 40 g .
40 Kg. 50 g .
In normal p e r so n s ,  th e se  amounts w i l l  cause no a p p r e c ia b le
r i s e  in  the  b lo o d -su g a r ,  but for  the purpose o f  the t e s t ,
they  should not be exceed ed , f o r  the f o l lo w in g  r e a so n .  In many
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normal in d iv id u a l s ,  whose b lo o d -su g a r  shows no r i s e  a f t e r  
50 g .  l a e v u lo s e ,  a d e f i n i t e  r i s e  can be provoked a f t e r  g iv in g  
100 g .  which appears to be beyond the immediate c a p a c ity  o f  even  a 
h e a lth y  l i v e r .
Eor c l i n i c a l  p u rp o ses ,  a micro-method o f  b lood -su gar  
e s t im a t io n  i s  a d v isa b le ,  in  order to avoid venous puncture .
The method o f  McLean i s  q u ite  s u i t a b le  (1 0 3 ) .  In t h i s  method 
0 .2  c . c .  c a p i l la r y  blood i s  taken from a n e e d le p r ic k  on the
T
f in g e r  or ear  i n t o  a p i p e t t e ,  w ith  l i t t l e  o f  no d iscom fort t o  
the p a t i e n t ,  and the e s t im a t io n  can be r a p id ly  and a c c u r a te ly  
ca r r ie d  out in  the i n t e r v a l s  between tak in g  the samples o f  
b loo d .
G en era lly  sp eak in g , the h e ig h t  and d u ra tion  o f  the  
b lo o d -su g a r  curve are p r o p o r t io n a l  t o  the  degree o f  l i v e r  im pair­
ment. E x tr a -h e p a t ic  f a c t o r s ,  such as p a n c r e a t ic  d i s e a s e ,  d ia b e te s  
m e l l i t u s  and endocrin e  d y s fu n c t io n  have l o  be exclud ed  b e fo r e  the  
r e s u l t s  o f  the t e s t  are a d m iss ib le  fo r  i n t e r p r e t a t i o n ,  but 
in  th e se  c a s e s ,  th ere  are u s u a l ly  unm istakable s ig n s  p o in t in g  to  
the tru e  nature  o f  the d i s e a s e .
This t e s t  i s  a very  d e l i c a t e  one and th e re  can be no doubt 
th a t  i t  e s t im a t e s  very  a c c u r a te ly  the degree o f  impairment o f
one a sp e c t  o f  the carbohydrate m etabolism  o f  the l i v e r .
P o s i t i v e  r e s u l t s  have been ob ta in ed  in  c a se s  o f  h e p a t i t i s ,  
c a ta r r h a l  ja u n d ice , m alignant d is e a se  o f  the l i v e r ,  o b s tr u c t iv e  
jaundice due to g a l l  s to n e s ,  and the jaun d ice  due to  sa lv a r sa n  
p o is o n in g .  in  c a ta r r h a l  ja u n d ic e ,  the t e s t  i s  p o s i t i v e  
s e v e r a l  days b e fo re  th e  on set  o f  ja u n d ice , showing th a t  a 
h e p a t i t i s  r.ust be p resen t  in  t h i s  c o n d i t io n .  In sa lv a r sa n  
p o is o n in g ,  th e  t e s t  has been found p o s i t i v e  even when no 
c l i n i c a l  s i g n s  o f  h e p a t ic  involvem ent were p r e sen t  (1 0 4 ) .
I'his t e s t  i s  a very u s e f u l  one , a p o s i t i v e  r e s u l t  
in d ic a t in g  a l e s i o n  o f  the h e p a t ic  parenchyma. U n fo r tu n a te ly ,  
i t  responds more to the acu te  and advanced ty p es  o f  l i v e r  
d i s e a s e ,  than to  the ch ron ic  and m ild  t y p e s ,  and i t s  u s e f u ln e s s  
i s  th u s ,  to  a c e r t a in  e x t e n t ,  l im i t e d  ( 1 0 5 ,1 0 6 ) .  n e v e r t h e l e s s ,  
i t  can be c la s s e d  among the most r e l i a b l e  t e s t s  o f  h e p a t ic  
e f f i c i e n c y .
THE STRAUSS T E S T .
'This was the o r ig i n a l  method o f  perform ing the la e v u lo s e
t e s t .
100 grams o f  la e v u lo s e  are g iv e n  by the mouth, and the  
u r in e  c o l l e c t e d  during the fo l lo w in g  tw en ty -fo u r  h ou rs .
The su g a r , i f  any, i s  then e s t im a te d  in  the u s u a l  manner. 
In p o s i t i v e  c a s e s ,  sugar appears in  the u r in e  one hour a f t e r  
a d m in is t r a t io n  o f  the la e v u lo s e  ( 1 0 7 ) .
The r e s u l t s  o f  t h i s  t e s t  appear to  be very  i n d e f i n i t e  
and i n c o n s i s t e n t .  This appears to be due t o  the unknown and 
v a r ia b le  f a c t o r  o f  r e n a l  p e r m e a b i l i ty .  Thus, when 50 g .  
l a e v u lo s e  were g iv e n  by the mouth in  a s e r i e s  o f  c a se s  (102)  
sugar appeared in  the u r in e  o f  some o f  the norm al c a s e s ,  and 
did not appear in  some o f  the c a se s  o f  h e p a t ic  d i s e a s e .
This i s  e x p la in ed  by the f a c t  th a t  the appearance o f
i
l a e v u lo s e  in  the u r in e  depends more on the k idney  th r esh o ld  
fo r  l a e v u lo s e ,  than on the l i v e r ’s e f f i c i e n c y  fo r  s t o r in g  
the su g a r . A c tu a l ly ,  the kidney th r esh o ld  fo r  la e v u lo s e
i s  low er than fo r  g lu c o se  and v a r ie s  g r e a t ly  in  d i f f e r e n t  
i n d i v i d u a l s .
In a s e r i e s  o f  c a s e s ,  l a e v u lo s e  was e x cr e te d  in  the u r in e ,  
in  amounts s u f f i c i e n t  to reduce F e h l in g 's  s o l u t i o n ,  by the  
time th e  b lo o d -su g a r  had reached l e v e l s  v a r y in g  in  d i f f e r e n t  
s u b je c t s  from 0.097Jb to  0.134?b# I t  would seem, t h e r e f o r e ,  th a t  
in  some i n d iv id u a l s ,  a very  sm a ll  amount o f  la e v u lo s e  p r e sen t  
in  the b lood  w i l l  produce g ly c o s u r ia .
ITo r e l i a n c e ,  th e r e f o r e ,  can be p la ced  on t h i s  t e s t ,  and 
the advan tages o f  e s t im a t in g  the e f f i c i e n c y  o f  the l i v e r  by a 
method which e x c lu d es  the f a c t o r  o f  r e n a l  p e r m e a b il i ty  i s  
o b v io u s •
THE GALACTOSE TOLERANCE T E S T .
H i s t o r i c a l :
The use o f  g a la c t o s e  as a means o f  t e s t i n g  l i v e r  fu n c t io n  
was f i r s t  su g g es ted  by Bauer (108) who r e l i e d  on the ur inary  
f in d in g s  o n ly  for  h i s  r e s u l t s .  Brasch, (109) showed th a t  
g a la c to s e  i s  converted  by the l i v e r  in to  g ly c o g e n ,  and th a t  i t s  
a b so rp tio n  from the a lim en tary  t r a c t  ta k e s  p la c e  at a uniform  
r a t e .  R ou b itschek  (110) and Woerner (111) observed  g a la c t o s u r ia  
in  anim als p o ison ed  w ith  phosphorus. Draudt o b ta in ed  s im i la r  
r e s u l t s  in  anim als w ith  an Eck f i s t u l a ,  w h ile  Neugebauer (112)  
dem onstrated g a la c t o s u r ia  as a co n sta n t  f in d in g  in  secondary  
s y p h i l i s .  Bauer, in  1924 (113) rea ff irm e d  h i s  r e l ia n c e  on 
g a la c t o s u r ia  as the b e s t  t e s t  fo r  h e p a t ic  f u n c t io n ,  and even  
s t a t e d  th a t  no surgeon sh ou ld  operate  t i l l  s a t i s f i e d  o f  the  
i n t e g r i t y  o f  the l i v e r  by means o f  t h i s  t e s t .
In 1919, Kahler and Machold (114) p o in ted  out the  ren a l  
f a c t o r  in  the g a la c t o s u r ia  t e s t ,  and showed th a t  g a la c t o s u r ia
could  occur in  the absence o f  a r a i s e d  blood su g a r . This  
r a is e d  the q u e s t io n  o f  the v a r ia b le  f a c t o r  o f  r en a l  p e r m e a b i l i ty ,  
and d ir e c te d  a t t e n t i o n  to  the changes in  th e  b lo o d -su g a r  l e v e l  
f o l lo w in g  the  in g e s t io n  o f  a g iven  q u a n t ity  o f  g a la c t o s e .
Rowe, in  1924 (115) f i x e d  the kidney th r e sh o ld  fo r  
g a la c t o s e  at about 40 gm ., s t a t e d  th a t  the dose i s  but l i t t l e  i f  
a t  a l l  in f lu e n c e d  by ag e , w e ig h t ,  or body a rea , th a t  the c h i e f  
f a c t o r  concerned was se x ,  and su g g e s te d  the in f lu e n c e  o f  the  
mammary g lan d s as a p o s s ib l e  e x p la n a t io n .
With the advent o f  micro-methods o f  b lo o d -su g a r  e s t im a t io n ,  
the b lo o d -su g a r  curve a f t e r  the a d m in is tr a t io n  o f  g iv e n  amounts 
o f  g a la c t o s e  was then s t u d ie d ,  and many c o n t in e n ta l  c l i n i c s  
adopted t h i s  method o f  t e s t i n g  l i v e r  e f f i c i e n c y .  D avies (116)  
concluded th a t  the t e s t  was o f  va lu e  in  th e  d i f f e r e n t i a l  d ia g n o s is  
between o b s t r u c t iv e  and n o n -o b s tr u c t iv e  ja u n d ic e .  In a 
com parative study by Elmer and Scheps ( 1 1 7 ,1 1 8 ) ,  th e se  au th ors  
concluded  th a t  g a la c t o s e  was su p e r io r  to  la e v u lo s e  as a l i v e r  
t e s t .  E is c h le r  (119) showed th a t  the m etabolism  o f  g a la c t o s e ,  
u n l ik e * t h a t  o f  l a e v u lo s e ,  ta k es  p la c e  p r im a r i ly  in  the l i v e r ,  
though Achard (120) su g g e s te d  that a s s im i l a t io n  by o th e r  t i s s u e s  
might be a f a c t o r .
In the fo l lo w in g  pages i s  g iv e n  the r e s u l t s  o f  th e  
g a la c t o s e  t o le r a n c e  t e s t  in  a s e r i e s  o f  c a s e s  o f  h e p a t ic  and 
o th er  c o n d i t io n s  in  which derangement o f  the  carbohydrate  
m eta b o lic  f u n c t io n  o f  the body may occur*
Method:
The g a la c t o s e  used was manufactured by B r i t i s h  Drug 
Houses L im ited , and t e s t e d  fo r  p u r i ty  by the p o la r im e te r .
'The average s p e c i f i c  r o t a t io n  was found t o .b e  between 79° and
o o80 , which was above the minimum o f  76 p r e sc r ib e d  by Bauer.
The t e s t  was performed in  the morning, f a s t i n g ,  so th at  
a lo n g  in t e r v a l  had e la p s e d  a f t e r  the l a s t  meal* U rine was 
p a ssed  ju s t  b e fo re  the t e s t ,  and examined f o r  abnormal 
c o n s t i t u e n t s ,  album in, su gar , b i l e ,  u r o b i l i n ,  e t c .  0 .2  c . c .  
o f  b lo od  was then  withdrawn from the e a r ,  and 40 gm. g a la c t o s e  
d is s o lv e d  in  300 c . c .  w ater, sw allowed by the  p a t i e n t .  The 
f a s t i n g  b lo o d -su g a r  was e s t im a te d  by McLean's method, which 
was used  through out. Specimens o f  b lood  were taken every  
h a l f - h o u r ,  t i l l  the b lo o d -su g a r  reached i t s  f a s t i n g  l e v e l  
a g a in ,  and the r e s u l t s  p lo t t e d  g r a p h ic a l ly .
The u r in e  was c o l l e c t e d  a t  the end o f  the fo u r th  hour,
and the sugar e s t im a te d ;  v a r io u s  methods o f  e s t im a t in g  the 
u r in a ry  sugar were t r i e d ;  hut in  the m a jo r ity  o f  c a s e s ,  
G arrard's c y a n o -cu p r ic  method was employed* No g r ea t  
im portance, however, was a t ta c h e d  to the u r in a r y  e s t im a t io n s*  
In order  to  c o n t r o l  subsequent r e s u l t s ,  a s e r i e s  o f  10 
normal c a s e s  were su b je c te d  to the t e s t *  Some o f  th e se  were 
h o s p i t a l  p a t i e n t s  under treatm ent f o r  c o n d it io n s  not in v o lv in g  
the l i v e r ,  and the r e s u l t s  are in c lu d ed  among the norm als.
The o th e r s  were c a s e s  o f  h e p a t ic  d i s e a s e ,  or  a f f e c t i o n s  in  
which enlargem ent o f  the l i v e r ,  jaundice  or a s c i t e s  might 
r a i s e  the  q u es t io n  o f  im p l ic a t io n  o f  the l i v e r .  A sh o rt  
group o f  c a se s  o f  n e p h r i t i s  i s  in c lu d ed  in  th e  s e r i e s .
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Case I*
M.T. Male, 31 y r s .  O ccupation, Watchman. Complains o f  
r e c u r r in g  b o i l s  and a b s c e s s e s .  Urine n e g a t iv e .  D ia g n o s is  
i t i r u n e u lo s i s .
l a s t i n g  B lood-sugar  0.091$>
30 m inutes 0 .1 0 5
60 m inutes 0 .1 1 2
90 m inutes 0 .0 9 6
120 m inutes 0 .0 8 9
Maximum R ise  0 .0 2 1
G a la c to su r ia  2 gm.
Case 2 .
Dr. J .Y . Male, 26 y r s .  h e a l th y ,  u r in e  n e g a t iv e .
l a s t i n g  B lood -su gar  0 .1 2 4 %
30 m in u tes . 0 .1 3 4
60 m inu tes. 0 .1 4 2
90 m in u tes .  0 .1 1 6
120 m in u tes .  0 .1 2 1
Maximum R ise  0 .0 1 8
G a la c to su r ia  1 .1  gm.
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Case 2 .
Dr. E .J .  Male, 29 y r s .  h e a lth y .  Urine n e g a t iv e .
l a s t i n g  B lood-sugar  0 . 1 1 5 %
20 m inu tes. 0 .1 2 2
60 m inu tes. 0 .1 4 2
90 m in u tes . 0 .1 2 8
120 m in u tes .  0 .1 1 6
Maximum K ise  0 .02 7
G a la c to su r ia  1 .5  gm.
Case 4 .
H.T. M ale. 42 y r s .  Engineer; complains o f  weakness and 
s t i f f n e s s  o f  l e g s ,  2 years d u ra t io n . S p a s t ic  g a i t ,  k n e e - je r k s  
e x a g g er a te d , p o s i t i v e  Bahinsky on r ig h t  s i d e ,  abdominal r e f l e x e s  
a b s e n t ,  l a t e r a l  nystagm us, s l i g h t  in t e n t io n  trem or. U rine  
n e g a t iv e .  D ia g n o s is ,  d issem in ated  s c l e r o s i s .
l a s t i n g  B lood-sugar 0.127$>
20 m inutes. 0 .1 5 2
60 m inu tes. 0 .1 5 5
90 m in u tes . 0 .1 2 6
120 m inutes 0 .1 2 9
Maximum B ise  0 .0 2 8
G a la c to su r ia  1 .7  gm.
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Case 5 .
T.B. Male, 15 y r s .  Admitted 2 8 .1 .3 1  s u f f e r in g  from p a in s  and 
s w e l l in g  in  j o i n t s ,  5 days d u ra t io n . Both a n k le s ,  k n ees , l e f t  
h ip ,  and r ig h t  sh ou ld er  a f f e c t e d .  P r e s y s t o l i c  murmur a t  apex .  
Urine n e g a t i v e .  W.R. n e g a t iv e .  D ia g n o s is ,  Acute rheumatism.
6 . 2 . 3 1 .  P a s t in g  B lo od -su gar  0.095%
30 m in u tes .  0 .1 1 3
60 m in u tes . 0 .0 9 5
90 m in u tes .  0 .0 9 5
Maximum R ise  0 .0 1 8
G a la c to su r ia  a t r a c e .
C ase  6 .
J .P .  Male, 42 y r s .  Dairyman, adm itted  2 8 .1 .3 1 .  com pla in ing  o f  
g id d in e s s  and h ea d a ch es , 2yrs, d u ra tio n . Has had s e v e r a l  sh o r t  
a t ta c k s  o f  u n c o n sc io u sn e s s .  A r t e r ie s  im pa lpab le , a c cen tu a ted  
2nd a o r t i c  sound, B .P . 2 2 0 /1 25 , W.R. n e g a t iv e ,  u r in e  n e g a t iv e .  
D ia g n o s is ,  h y p e r p ie s i s .
7 . 2 . 3 1 .  P a s t in g  B lood-sugar  0.098%
30 m in u te s .  0 .1 0 9
60 m in u tes .  0 .117
90 m in u tes . 0 .1 1 3
120 m in u tes .  0 .0 9 6
Maximum R ise  0 .0 1 9
G a la c to su r ia  0 .5  gm.
°  2 o o
1&3 .
Case 7•
F.H. Male, 24 y r s .  i.iechanic, adm itted 2 4 .1 2 .5 0 .  com plain ing
o f  weakness o f  l e g s .  AttacK o f  f e v e r  8 .9 .3 0 . '  l a s t i n g  one week,
w asting  o f  m uscles o f  both t h ig h s ,  w ith  r e a c t io n  o f  d e g e n e ra t io n .  
Urine n e g a t i v e .  W.R. n e g a t iv e .  D ia g n o s is :  A n ter io r
P o l i o m y e l i t i s .
1 4 .1 .3 1 .  P a s t in g  B lood-sugar
30 m inutes  
60 minutes  
90 m inutes  
120 m inutes  
Maximum R ise  
G a la c to su r ia
Case 8 .
J .C . Male, 57 y r s .  Draughtsman, adm itted  1 8 .1 .3 1 *  Weakness 
and r i g i d i t y  o f  arms and l e g s ,  tremor o f  f a c e ,  tongue and hands,  
forward sroop o f  sh o u ld e r s ,  r e t r o p u ls io n  p r e s e n t ,  W.R. n e g a t iv e ,  
u r in e  n e g a t iv e .  D ia g n o s is ,  P a r a ly s i s  A g ita n s .
P a s t in g  B lood-sugar  0.126%
30 m inutes 0 .1 3 2
60 m inutes 0 .1 3 6
90 m inutes 0 .1 2 9
120 m inutes 0 .1 2 2
Maximum R ise  0 .0 1 0
G a la c to su r ia  0 .6  gm.
0.117%
0 .1 3 9
0 .1 4 4
0 .1 2 5
0 .117
0 .027
2 .1  gm.
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Case 9 .
A.R. 27 y r s .  Male, h e a lth y  
E a st in g B lood-sugar 0 .12 0^
30 m inutes 0 .1 4 1
60 minutes 0 .1 4 6
90 minutes 0 .1 3 3
120 m inutes 0 .1 2 2
Maximum r i s e 0 .0 2 6
G a la c to su r ia 1 gm.
Case 1 0 .
S.M. 32 y r s .  Male, h e a l t h y .
l a s t i n g  B lood-sugar  0.124J&
30 m inutes 0 .1 3 9
60 m inutes 0 .147
90 m inutes 0 .1 2 8
120 m inutes 0 .1 2 2
Maximum R ise  0 .0 2 3
G a la c to su r ia  0 .7  gm.

1 8 5 .
Q a s e  1 1 .
D.R. Male, 50 y r s ,  M eat-p orter , ja u n d ice , 4 weeks d u ra t io n ,  
l i v e r  en la rg ed  l-g-" below r ig h t  c o s t a l  margin, edge and su r fa c e  
smooth. U rine, tra c e  o f  album in, and abundant b i l e  p r e s e n t .  
Jaundice d im in ish in g .  d ia g n o s i s ,  c a ta r r h a l  ja u n d ic e .
l a s t i n g  B lood-sugar  0.106%
30 m inutes 0 .127
60 m inutes 0 .1 5 2
90 m inutes 0 .1 4 5
120 m inutes 0 .1 28
150 m inutes 0 .1 1 2
180 m inutes 0 .1 0 4
Maximum R ise  0 .0 4 6
G a la c to su r ia  2 .3  gm.
Case 1 2 .
O.C. Male, 33 y r s .  Marine e n g in e e r ,  h i s t o r y  o f  m a la r ia ,  
com pla in ing  o f  jaun d ice  4 days d u ra tio n  and s i c k n e s s  a f t e r  m ea ls .  
Bo enlargem ent o f  l i v e r ,  abundant b i l e  in  u r in e .  D ia g n o s is  
c a ta r r h a l  ja u n d ic e .
l a s t i n g  B lood -su gar  0.117%
30 m inutes 0 .1 4 1
60 m inutes 0 .2 0 6
90 m inutes 0 .1 7 5
120 m inute8 0 .1 4 1
150 m inutes 0 .1 2 5
Maximum R ise  0 .0 8 9
G a la c to su r ia  4 .5  gm*
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C a s e  1 3 .
S.G. Male, 31 y r s .  Mechanic, jaundice  11 days d u ra t io n ,  
s l i g h t  enlargem ent o f  l i v e r ,  b i l e  and u r o b i l i n  p r e se n t  in  u r in e .
d ia g n o s i s ,  c a ta r r h a l  ja u n d ic e .
f a s t i n g B lood-sugar 0 .1 0 2 #
30 minutes 0 .1 8 1
60 m inutes 0 .2 0 4
90 m inutes 0 .1 7 7
120 m inutes 0 .1 4 9
150 m inutes 0 .126
180 m inutes 0 .107
i^aximum r i s e 0 .1 0 2
G a la c to su r ia 3 .9  gm
Case 1 4 .
M.S. M ale, 36 y r s .  Labourer, s t t a c k  o f  e p i g a s t r i c  p a in  and 
v o m it in g , one week d u ra tio n , fo l lo w e d  by ja u n d ic e ,  5 days d u ra tion  
s l i g h t  p y r e x ia ,  no enlargem ent o f  l i v e r ,  b i l e  p r e s e n t  in  u r in e .
D ia g n o s is ,  c a ta r r h a l  ja u n d ic e .
f a s t i n g B lood -su ga r 0 .1 1 4 #
30 m inutes 0 .1 6 1
60 m inutes 0 .1 9 9
90 minptes - 0 .1 8 0
120 m inutes 0 .1 6 1
150 m inutes 0 .1 2 5
Maximum R ise 0 .0 8 5
G a la c to su r ia 3 .2  gm
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C a s e  1 5 .
U.B. Female, 23 y r s .  Weaver, ja u n d ice , 15 days d u r a t io n ,  no 
enlargem ent o f  l i v e r ,  b i l e  p r e sen t  in  u r in e .  D ia g n o s is ,  
c a ta r r h a l  ja u n d ic e .
F a s t in g  B lood-sugar  0 .1 1 6 $
30 m inutes 0 .1 6 5
60 m inutes 0 .1 8 8
90 m inutes 0 .1 4 2
120 minutes 0 .1 2 6
150 m inutes 0 .1 1 9
Maximum H ise  0 .0 7 2
Gralactosuria 2*2 . gm.
Case 16 .
F.M. Male, 36 y r s .  Admitted 4 .1 1 . 3 0 .  s u f f e r in g  from 
u n re so lv e d  pneumonia, a t r ig h t  b a se ,  6 weeks d u r a t io n .  On day
o f  t e s t ,  c h e s t  a lm ost c l e a r .  
U nreso lved  Pneumonia.
Urine n e g a t i v e .  D ia g n o s is :
1 6 .1 2 .3 0 . F ast ing B lo o d -su g a r 0 .1 2 8 $
30 m inutes 0 .1 7 2
60 m inutes 0 .1 9 6
90 m inu tes 0 .1 7 8
120 m inutes 0 .1 4 4
150 m inutes 0 .1 3 1
Maximum R ise 0 .0 6 8
G a la c to su r ia 2 gm.
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C a s e  1 7 .
E.R. Male, 44 y r s .  X-ray shows c o n s o l id a t io n  o f  r ig h t  lu n g  
w ith  p a r t i a l  pneumothorax, d i l a t a t i o n  o f  b r o n ch i ,  very abundant 
sputum, T.B. a b s e n t ,  l i v e r  not en la rg ed , u r in e  n e g a t iv e .  
D ia g n o s is :  B r o n c h ie c t a s i s .
B lood-sugar 0 .1 1 4 $
30 minutes 0 .1 2 2
60 m inutes 0 .1 7 1
90 m inutes 0 .12 5
120 m inutes 0 .1 1 7
Maximum R ise 0 .05 7
G a la c to su r ia 2 gm.
Case 1 8 .
W.C. Male, 47 y r s . ,  t e r t i a r y  s y p h i l i t i c  a o r t i t i s ,  d i l a t a t i o n  
o f  a o r ta  and e r o s io n  o f  v e r te b r a e .  R ece ived  t o t a l  o f  2 .1  gm. 
Icharsivan and 1 .2  gm. bismuth, l a s t  i n j e c t i o n  2 0 . 1 1 . SO. 
Jaundice developed  2 7 .1 1 .3 0 ,  now d im in ish in g .  L iver  e n la rg e d  
2 f in g e r b r e a d th s  below c o s t a l  m argin. 'U r in e ,  t r a c e  o f  b i l e .  
D ia g n o s is :  S a lv arsan  h e p a t i t i s .
2 3 .1 2 .3 0  F a s t in g  B lood-siigar  0 .1 1 0 $
30 m inutes 0 .1 6 5
60 m inutes 0 .1 6 8
90 m inutes 0 .1 6 5
120 m inutes 0 .1 1 8
Maximum R ise  0 .0 5 6
G a la c to su r ia  1 .8  gm.

10*.
C a s e  1 9 .
A.R. Male, 47 y r s .  Secondary s y p h i l i t i c  e r u p t io n .  R ece ived  
4 gm. n eokh arsivan  and 1 .6  gm. bismuth t i l l  1 .1 2 .3 0 .  when 
jaundice  d eve lop ed . No enlargem ent o f  l i v e r ,  jaun d ice  d im in ish in g ,  
no enlargem ent o f  l i v e r .  U rine , tra c e  o f  b i l e *  D ia g n o s is ,  
sa lv a r sa n  h e p a t i t i s .
2 4 .1 2 .3 0 . Pa s t  in g B lood-sugar  
30 m inutes  
60 m inutes  
90 m inutes  
120 m inutes  
Maximum R ise  
G alactosu r  ia
0 .1 1 7 $  
0 .1 7 7  
0 .19 6  
0 . 1 2 2  
0 .117  
0 .0 7 9  
2 .4  gm,
Case 20 .
J.M. Male, 38 y r s • ,  primary s y p h i l i s  in  1914, gumma o f  l i v e r  in  
1922 . R ece ived  3 gm. neokharsivan  and 1 .4  gm. bism uth,  
develop ed  jaundice  on 1 5 .1 0 .3 0 .  Jaundice now n e a r ly  gone, 
u rine  n e g a t i v e .  D ia g n o s is ,  sa lv a r s a n  h e p a t i t i s .
2 9 .1 2 .3 0 .  P a s t in g  B lood -su ga r  0 .0 9 5 $
30 m inutes 0 .1 1 0
60 m inutes 0 .1 2 8
90 m inutes 0 .1 0 9
120 m inutes 0 .0 9 5
Maximum R ise  0 .0 3 3
O a la c to su r ia  1 gm.
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Case 21.
J.1P. Male, 27 y r s .  primary s y p h i l i s  2 8 .1 0 .3 0 .  R eceived  2 .2 ,  gm, 
n eo k h a rs ivan  and 1 .4  gm. bismuth t i l l  1 9 .1 2 .3 0 ,  when jaundice  
d e v e lo p ed . No enlargem ent o f  l i v e r ,  ur ine  n e g a t iv e ,  jaundice  
p a s s in g  o f f .  D ia g n o s is ,  s y p h i l i t i c  h e p a t i t i s .
J’as t  ing B lood-sugar 0.117%
30 m inutes 0 .19 6
60 m inutes 0 .2 6 4
90 minutes 0 .1 7 7
120 minutes 0 .1 5 2
150 m inutes u .137
180 m inutes 0 .1 2 1
Maximum R ise 0 .147
C a la c to s u r ia 4 gm.
Case 22 .
W.M. Male, 56 y r s .  Labourer, adm itted  3 0 . 1 0 . 3 0 . ,  com pla in ing  
o f  s e v e r e  headache and o c c a s io n a l  d ip lo p ia *  A u ricu lar  
f i b r i l l a t i o n  p r e s e n t .  X-ray shows th ic k e n in g  o f  meninges in  
o c c i p i t a l  r e g io n .  W.R. p o s i t i v e .  R e c e iv in g  atophan g r .  l \  
n o c t e .  D ia g n o s is ,  s y p h i l i t i c  p a ch y m e n in g it is  & ? atophan  
h e p a t i t i s •
l a s t i n g B lo od -su gar  
3^ minute 8 
60 m inutes  
90 m inutes  
120 m inutes  
Maximum R ise  
C a la c to s u r ia
0.095% 
0 .1 3 7  
0 .1 4 6  
0 .1 2 1  
0.101 
0 .0 5 1  
1 .6  gm.
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C a s e  2 3 .
M.S. Female, 49 y r s .  P a r a e s th e s ia  o f  l e g s ,  B ab in sk i p o s i t i v e  
on both  s i d e s ,  k n e e - je r k  exaggerated  on r ig h t  s id e ,  l e g  m uscles  
f l a c c i d ,  s e n s a t io n  normal, in c o o r d in a t io n  o f  l e f t  l e g ,  
o c c a s io n a l  d ip lo p ia ,  u r in e  n e g a t iv e ,  achlorhydra  p r e s e n t .  Red 
c o r p u s c le s  2 ,4 0 0 ,0 0 0 ,  w hite  c o r p u s c le s  7 ,8 0 0 ,  Kb 63$ .
M egalocytes p r e s e n t .  .Diagnosis subacute combined d e g e n e r a t io n .
F a s t in g  B lood -su ga r  0 .1 2 0 $
30 m inutes 0 .1 3 3
60 m inutes 0 .1 5 1
90 m inutes 0 .1 2 8
120 m inutes 0 .1 2 4
Maximum R ise  0 .0 3 1
C a la c to s u r ia  1 .2  gm.
Case 2 4 .
M.M. Female, 36 y r s .  Admitted 3 .1 .3 1  com plain ing  o f  
weakness o f  l e g s  and s w e l l in g  o f  f e e t .  W.R. n e g a t i v e .  Red 
c o r p u s c le s  3 ,9 0 0 ,0 0 0 ,  w h ite  c o r p u sc le s  4 ,0 0 0 ,  Hb 100$, c o lo u r  
index  1 . 2 ,  m ega locytes  p r e s e n t ,  u r o b i l i n  in  u r in e .  D ia g n o s is :  
p e r n ic io u s  anaem ia.
Fas t  in g  B loo  d-sugar 0 •104$
30 m inutes 0 .1 1 0
60 m inutes 0 .1 1 3
90 m inutes 0 .1 0 7
120 m inutes 0 .1 0 1
Maximum R ise  0 .0 0 9
C a la c to s u r ia  a t r a c e .
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C a s e  2 5 .
J.M. Female, 51 y r s ,  adm itted  1 5 .1 * 2 1 .  com pla in ing  o f  
weakness and s w e l l in g  o f  abdomen. Spleen g r e a t ly  en larged  
ex ten d in g  in to  r ig h t  i l i a c  f o s s a .  Hed c o r p u sc le s  4 ,3 0 0 ,0 0 0 ,  w h ite  
c o r p u sc le s  2 3 ,0 0 0 , Hb lOOJ^colour ind ex  1 . 2 , lym phocytes 96#.  
Polymorphs, 3 .5 # .  Urine n e g a t iv e .  D ia g n o s is  lym phatic  
leu kaem ia .
F a s t in g  B lood -su gar  0.12£^>
30 m inutes 0 .19 6
60 m inutes 0 .20 7
90 m inutes 0 .1 4 1
120 m inutes 0 .1 2 0
Maximum R ise  0 .0 6 5
C a la c to su r ia  2 .8  gm.
Case 2 6 .
E.W. Female, 35 y r s .  g a l l - s t o n e s  removed in  1927 and 1930.  
S t i l l  h av in g  a t ta c k s  o f  b i l i a r y  c o l i c  and s l i g h t  t r a n s ie n t  
ja u n d ic e .  At o p e r a t io n ,  s t o n e s  p r e se n t  in  h e p a t ic  d u c ts .  
Tenderness in  g a l l - b la d d e r  reg ion*  U rine n e g a t i v e .  L iv e r  
not e n la r g e d .  D ia g n o s is :  C h o l e c y s t i t i s  and g a l l - s t o n e s .
F ast in g B lo o d -su g a r  
30 m inutes  
60 m inutes  
90 m inutes  
120 m inutes  
Maximum R ise  
G a la c to su r ia
0 .112# 
0 .1 3 8  
0 .1 4 1  
0 .1 2 6  
0 .1 1 4  
0 .0 2 9  
1 .9  gm.
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C a s e  2 7 .
J .T . Fem ale, 47 y r s .  Admitted 1 8 .1 * 3 1 .  com pla in ing  o f  r ig h t  
hypochondriac p a in .  S e v e ra l  a t ta c k s  o f  h i l i a r y  c o l i c  and 
ja u n d ic e .  Marked ten d e rn ess  in  g a l l  b lad der  r e g io n .  L iv er
D ia g n o s is :not e n la r g e d . Urine n e g a t i v e .  V/.R. n e g a t iv e
C h o le c y s t i t  i s and g a l l - s t o n e s .
■casting B lo od -su gar 0 .1 1 7 $
30 m inutes 0 .1 3 2
60 m inutes 0 .1 4 2
90 m inutes 0 .1 2 8
120 m inutes 0 .1 2 0
Maximum R ise 0 .0 2 5
G a la e to su r ia 0 .8  gm.
Case 2 8 .
J.G. Fem ale, 40 y r s .  Admitted 2 3 .1 .3 1 .  com plain ing o f  
e p i g a s t r i c  p a in  and vom itin g  1 h r .  a f t e r  fo o d , and s w e l l in g  
o f  j o i n t s  o f  f i n g e r s ,  e lbow s, sh o u ld ers , a n k le s ,  knees and 
r ig h t  h ip ,  2 years  d u ra t io n . G a l l - s t o n e s  removed 5 y e a r s  ago.  
Tenderness in  g a l l - b la d d e r  r e g io n .  Urine n e g a t iv e .  D ia g n o s is  
C h o l e c y s t i t i s  and Rheumatoid a r t h r i t i s .
F a s t in g  B lood-sugar  0 .1 1 2 $
30 m inutes 0 .1 2  9
60 m inutes 0 .1 3 7
90 m inutes 0 .1 2 1
120 m inutes 0 .1 1 2
Maximum B ise  0 .0 2 5
G a la e to su r ia  0 .8  gm.
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C a s e  2 9 .
S .L . Pemale, 45 y r s .  S evera l a t ta c k s  o f  b i l i a r y  and ? r e n a l  
c o l i c .  .F latu lence  a f t e r  food; marked ten d ern ess  and s l i g h t  
r i g i d i t y  in  g a l l - b la d d e r  r e g io n .  Urine n e g a t iv e *  D ia g n o s is :  
C h o l e c y s t i t i s  and g a l l - s t o n e s .
P a s t in g  B lood-sugar  0.124$>
30 minu t e s  0 •141
60 m inutes 0 .1 47
90 m inutes 0 .1 3 1
120 m inutes 0 .12 6
Uaximum R ise  0 .0 2 3
C a la c to s u r ia  1 .2  gm.
Case 30 .
M.M* Pemale., 48 y r s .  A tta ck s  o f  b i l i a r y  c o l i c  and s l i g h t  
ja u n d ic e .  i - r a y  shows p y lo r ic  a d h e s io n s .  Pain  and vom itin g  
a f t e r  fo o d .  Tenderness i n  g a l l - b la d d e r  reg ion*  U rine  
n e g a t iv e *  D ia g n o s is :  C h o l e c y s t i t i s  and g a l l - s t o n e s .
P a s t in g  B lood-sugar  0.1189b
30 m inutes 0 .1 2 9
60 m inutes 0 .13 7
90 m inutes 0 .1 2 4
120 m inutes 0 .11 8
Maximum R ise  0 .0 19
C a la c to s u r ia  a tra ce*
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C a s e  3 1  .
A.L. Male, 55 y r s .  Steward, a cu te  n e p h r i t i s  in  1930 . Blood  
p r e ssu re  2 2 0 /1 3 0 . No oedema. Urine c o n ta in s  la r g e  amount 
o f  albumin and some c a s t s .  D ia g n o s is :  Chronic n e p h r i t i s .
l a s t i n g  B lood-sugar  0 .1 0 5 $
30 m inutes 0 .1 2 8
60 m inutes 0 .1 3 4
90 m inutes 0 .1 2 3
120 m inutes 0 .1 0 9
Maximum R ise  0 .0 2 9
C a la c to s u r ia  1 .2  gm.
Case 32.
J .B . Male 42 y r s .  S te e l-w o r k e r ,  adm itted  1 3 .1 .3 1 .  com p la in in g  
o f  s w e l l in g  o f  f e e t  and a n g le s ,  3 weehs d u ra t io n . Oedema o f  
t h i g h s ,  c h e s t  and abdomen. W.R. n e g a t iv e .  Urine c o n ta in s  
abundant albumin, no c a s t s .  D ia g n o s is :  Acute n e p h r i t i s .
l a s t i n g  B lo od -su gar  0 .1 2 4 $
30 m inutes 0 .1 7 7
60 m inutes 0 .2 0 6
90 m inutes 0 .15 7
120 m inutes 0 .1 3 1
Maximum R ise  0 .0 8 2
C a la c to s u r ia  3 .5  gm.
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196 .
C a s e  3 3 .
W.M. Male. 33 y r s .  Dairyman. Acute n e p h r i t i s  1915 and 1921 .  
Complains o f  weakness and headache. W.R. n e g a t iv e .  Blood  
urea  108 mgms$. Bon P r o te in  R, 112 mgms$. Urea c o n c e n tr a t io n  
t e s t ,  b e fo r e ,  2 .1 $ ,  1 hr 1 .7 $ .  2 h r s .  2 .1 $ ,  3 h r s ,  2 .1 6 $ .
Urine c o n ta in s  albumin and c a s t s .  D ia g n o s is :  Chronic
n e p h r i t i s .
P a s t in g B lood-sugar  
30 m inutes  
60 m inutes  
90 m inute8 
120 m inutes  
150 m inutes  
Maximum R ise  
C a la c to su r ia
0 .1 3 5 $  
0 .2 4 1  
0 .2 8 1  
0 .2 2 9  
0 .1 7 1  
0 .1 4 2  
0 .1 4 6  
3 .8  gm.
Case 34.
J .T . Pemale, 22 y r s .  Maid. S w e l l in g  o f  th y r o id  3 y ea rs  
d u ra t io n , in c r e a s in g  in  s i z e  during p a s t  4 months. Marked 
exophthalmos p r e s e n t ,  p u lse  140, s y s t o l i c  murmur a t  apex, oedema 
o f  l e g s .  Urine n e g a t iv e .  D ia g n o s is :  Exophthalmic g o i t r e .
P a s t in g B lood-sugar  
30 m inutes  
60 m inutes  
90 m inutes  
120 m inutes  
Maximum R ise  
C a la c to s u r ia
0 .1 4 8 $
0 .1 9 6
0 .25 2
0 .1 9 1
0 .1 4 5
0 .1 0 4
2 .7  gm.
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C a s e  3 5 .
M.S. Female 49 y e a r s .  S w e ll in g  o f  th y ro id  2 y e a r s  ago, 
in c r e a s in g  in  s i z e  during past th ree  m onths. Marked 
exophthalmos p r e s e n t .  P u lse  150, s y s t o l i c  murmur a t  apex.
Urine c o n ta in s  tr a c e  o f  su g a r .  D ia g n o s is :  Exophthalm ic g o i t r e .
F a s t in g  B loo d -su ga r  0 .1 6 9 $
30 m inutes 0 .196
60 m inutes 0 ,2 4 1
90 m inutes 0 .1 8 8
120 m inutes 0 .1 6 6
Maximum R ise  0 .0 7 2
C a la c to s u r ia  4 ,1  gm.
Case 36 .
W.R. Male, 25 y r s .  B r ic k - la y e r .  Admitted 1 8 .1 .3 1  w ith  
s w e l l in g  o f  abdomen 7 days d u r a t io n .  Marked l o s s  o f  w e ig h t .  
Large q u a n t ity  o f  f r e e  f l u i d  p r e sen t  in  abdomen. Tapped 
on 2 0 .1 . 2 1 .  L iver  and sp le e n  not e n la r g e d .  Doughy m asses  
p a lp a b le .  Urine n e g a t iv e .  D ia g n o s is :  T.B. P e r i t o n i t i s .
B lood -su ga r 0 .1 0 4 $
30 m inutes 0 .1 2 8
60 m inutes 0 .1 3 1
90 m inutes 0 .1 2 4
120 m inutes 0 .107
Maximum R ise 0 .0 27
C a la c to s u r ia 1 gm.
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C a s e  3 7 .
J.G . Female, 53 y r s .  Rapid l o s s  o f  w eight 8 weeks d u ra t io n .  
L iver  en larged  to  u m b il ic u s ,  very hard and n od u la r , edge  
i r r e g u la r .  Do jaundice  or  a s c i t e s .  Red c o r p u s c le s  2 ,9 0 0 ,0 0 0 .  
White c o r p u s c le s  9 ,0 0 0 .  Hb. 64%,c o lo u r  in d ex , 1 .  Urine n e g a t iv e .  
D ia g n o s is :  Carcinoma o f  l i v e r .
F a s t in g  B lood-sugar  0.104%
30 m inutes 0 .1 4 3
60 m inutes 0 .16 2
90 m inutes 0 .1 4 6
120 m inutes 0 .1 1 0
Maximum R ise  0 .0 4 2
C a la c to s u r ia  1 .2  gm.
Case 38 .
J.W. Male 82 y r s .  Abdominal pa in  6 months d u ra t io n ,
Jaundice 3 weeks d u ra t io n , vary in g  in  i n t e n s i t y ,  d iarrh oea  and 
p a le  s t o o l 8 p r e s e n t .  Purpuric a rea s  in  lu m b o -sa cra l and 
o c c i p i t a l  r e g io n .  S l i g h t  oedema o f  a n k le s .  L iv er  en la rg ed  
2 f in g e r b r e a d th s  below c o i t a l  margin, edge i r r e g u la r ,  su r fa c e  
hard and nodular m asses p r e se n t  in  e p ig a s tr iu m . Urine c o n ta in s  
b i l e ,  f r e s h  b lood  in  s t o o l s .  D ia g n o s is :  Secondary carcinoma  
o f  l i v e r .
B lood -su gar 0.166%
30 m inute8 0 .187
60 m inute8 0 .19 7
90 minutes 0 .2 0 2
120 m inutes 0 .2 0 2
150 m inutes 0 .1 8 3
180 minutes 0 .1 7 1
maximum R ise 0 .0 3 6
C a la c to s u r ia 1 .2  gm
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C a s e  3 9  •
M.W. Female, 38 y r s .  P ains in  c h e s t  and s w e l l in g  o f  
abdomen 2 weeks d u ra t io n . D ulness and absence o f  b reath  
sounds a t  r ig h t  b a s e .  L iver  en larged  2 f in g e r b r e a d th s  below  
c o s t a l  margin, edge smooth, no n o d u les  p r e s e n t ,  l o s s  o f  
w e ig h t .  Urine n e g a t iv e .  D ia g n o s is :  ? Carcinoma o f  l i v e r .
F a s t in g  B lood -su ga r  0 .1 1 9 $
30 minutes 0 .19 2
60 m inutes 0 .227
90 m inutes 0 .2 0 4
120 m inutes 0 .156
150 minutes 0 .1 3 3
180 m inutes 0 .1 2 4
Maximum Hise 0 .0 8 5
G a la e to su r ia  4 gm.
Case 40 .
W.W. M ale. 63 y r s .  Admitted 2 8 .1 .3 0  s w e l l in g  o f  abdomen 17 
days du ration  and s w e l l in g  o f  l e g s .  Abdomen g r e a t ly  d is te n d ed  
w ith  f l u i d  -  on tapp ing  no organism s and a few lym phocytes  
found. L iv er  en la rg ed  upwards. W.R. n e g a t iv e .  U rine n e g a t iv e .  
D ia g n o s is :  C ir r h o s is  o f  l i v e r .
F a s t in g  B lood-sugar  
30 m inutes  
60 minutes  
90 minutes  
120 m inutes  
150 m inutes  
180 m inutes  
Maximum R ise  
G a la e to su r ia
0 .1 2 8 $  
0 .1 5 6  
0 .1 9 1  
0 .2 0 2  
0 .17 7  
0 .1 5 2  
0 .137  
0 .0 7 4  
3 gm.
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C a s e  4 1 .
M.T. Female, 48 y r s .  S w e ll in g  o f  abdomen. 12 months d u ra t io n .  
D ila t e d  s u p e r f i c i a l  v e in s  on abdomen. A s c i t e s  p r e s e n t ,  
m oderate, l i v e r  en larged  2 f in g e r b r e a d th s  below r i b s ,  edge  
hard and smooth. Urine n e g a t iv e .  D ia g n o s is :  C ir r h o s is  
o f  l i v e r .
F a s t in g  B lood -su gar  0 .1 4 1 $
SO m inutes 0 .1 5 6
60 m inutes 0 .1 9 6
90 m inutes 0 .1 2 8
120 m inutes 0 .1 2 6
i i^aximum R ise  0 .0 5 5
O a la c to su r ia  2 . 2 .  gm.
Case 42 .
J .L . Fe ia le ,  4S y r s .  Loss o f  w eight and abdominal p a in  6 
months d u ra t io n . Jaundice S weeks d u ra t io n . D iarrhoea and p a le  
s t o o l s  c o n ta in in g  no b i l e  p igm en ts .  Urine c o n ta in s  b i l e ,  
d ia s t a s e  30 u n i t s .  D ia g n o s is ;  Carcinoma o f  head o f  p a n cr e a s .
F a s t in g  B lood-sugar  0 .097 $
30 m inutes 0 .1 1 8
'60 m inutes 0 .1 2 2
90 m inutes 0 .112
120 m inutes 0 .0 9 4
Maximum R ise  0 .0 2 5
G a la c to su rfa  0 .8  gm.
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C a s e  4 3 .
M.S. JTemale 47 y r s .  G a s t r i t i s  many y e a r s  d u ra t io n , jaundice  
3 weeks d u ra t io n , l o s s  o f  w e ig h t ,  caput medusae p r e s e n t ,  
l i v e r  ju s t  p a lp a b le ,  edge hard, no a s c i t e s .  Urine: b i l e  
p r e s e n t .  D ia g n o s is :  C ir r h o s is  o f  l i v e r .
■Fasting B lood-sugar  0.112%
30 m inutes 0 .2 1 3
60 m inutes 0 .2 2 2
90 m inutes 0 .1 72
120 m inutes 0 .1 6 6
150 m inutes 0 .1 3 7
180 m inutes 0 .1 1 8
Maximum H ise 0 .1 1 0
G a la c to su r ia  3 .2  gm.
Case 4 4 .
O.B. Male, 52 y e a r s .  Chronic b r o n c h i t i s ,  lo n g  d u ra t io n ,  
h ea r t  en la rg e d , s y s t o l i c  murmur a t  apex , p a in  in  hypochondrium, 
l i v e r  en larged  1" below c o s t a l  margin>smooth hard edge , oedema o f  
fee t ,m ark ed  dyspnoea. Urine n e g a t iv e .  D ia g n o s is :  Cardiac  
f a i l u r e •
■Fasting B lo od -su gar
30 m inutes  
60 m inutes  
90 m inute8 
120 m inutes  
Maximum R ise  
G a la c to su r ia
0.116% 
0 .1 2 9  
0 .1 3 8  
0 .1 2 1  
0 .1 1 6  
0.022 
1 gm.
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Case 4 5 .
S.M. Male, 42 y r s .  Gassed during war, ch ron ic  b r o n c h i t i s ,  
dyspnoea, h e a r t  d i la t e d ,  y e l lo w  c o n ju n c t iv a e , l i v e r  p a lp a b le ,  
edge smooth, oedema o f  a n k le s .  Urine n e g a t iv e .  D ia g n o s is :  
Cardiac f a i l u r e .
l a s t i n g  B lood -su gar  
30 m inutes  
60 m inutes  
90 m inutes  
120 m inutes  
Maximum His e 
G a la c to su r ia
0.128% 
0 .1 4 1  
0 .1 4 9  
0 .137  
0 .1 2 5  
0 . 0 2 1  
0 .5  gm.
EOS.
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TABULATED RLSUL1S OF CASES, |
\
i'.
Sex Age
DIAGNOSIS
BLOOD SUGAR Qjo Galac-
No. lasting
30 
Llins •
60
Mins.
90
M ins.
120 
M ins.
R ise
in
Mgn#fe
L O to
u r ia
in
gm.
1 M SI F u ru n cu los is 0 .0 9 1 0 .1 0 5 0 .1 1 2 0 .0 9 6 0 .0 8 9 21 2
2 M 26 H ealthy 0 .1 2 4 0 .1 3 4 0 .14 2 0 .1 1 6 0 .1 2 1 18 1 .1
%s M 29 H ealthy 0 .1 1 5 0 .1 2 2 0 .1 4 2 0 .1 2 8 0 .1 1 5 27 1 .5
4 M 42 D is s e r a .S c le r o s is 0 .1 2 7 0 .1 5 2 0 .1 5 5 0 .1 3 6 0 .1 2 9 28 1 .7
5 M 15 Acute Rheumatism 0 .0 9 5 0 .1 1 3 0 .0 9 5 0 .09 5 0 .0 9 5 18 Praee
6 M 42 H y p e rp ie s is 0 .0 9 8 0 .109 0 .1 1 7 0 .1 1 3 0 .0 9 6 19 0 .5
7 M 24 A n t .P o l io m y e l i t i s 0 .117 0 .1 3 9 0 .1 4 4 0 .1 2 5 0 .11 7 27 2 .1
8 M 57 P a r a l .  A gitans 0 .1 2 6 0 .1 3 2 0 .1 3 6 0 .1 2 9 0 .1 2 2 10 0 .6
9 M 27 H ealthy 0 .1 2 0 0 .1 4 1 0 .1 4 6 0 .1 3 3 0 .1 2 2 26 1
10. M 32 H ealthy 0 .1 2 4 0 .1 3 9 0 .1 4 7 0 .1 2 8 0 .1 2 2 23 0 .7
11 M 50 C atar . Jaundice 0 .1 0 6 0 .1 3 7 0 .1 5 2 0 .1 4 5 0 .1 2 8 46 2 .3  \
12 M 33 C atar . Jaundice 0 .117 0 .1 4 1 0 .2 0 6 0 .1 7 5 ,0 .141 89 4 .5  i
IS M 31 C atar . Jaundice 0 .1 0 2 0 .1 8 1 0 .2 0 4 0 .1 7 7 0 .1 4 9 102 3 .9
14 M 36 C atar . Jaundice 0 .1 1 4 0 .1 6 1 0 .1 9 9 0 .1 8 0 0 .1 6 1 85 £> • 2
15 F 23 C atar . Jaundice 0 .1 16 0 .1 6 5 0 .1 8 8 0 .1 4 2 0 .1 2 6 72 2 .2
16 M 36 U nres. Pneumonia 0 .1 2 8 0 .17 2 0 .1 9 6 0 .1 7 8 0 .1 4 4 68 2
17 M 44 B r o n c h ie c ta s i s 0 .1 1 4 0 .122 0 .1 7 1 0 .1 2 5 0 .1 1 7 57 2
18 M 47 S a lv a r .  H e p a t i t i s 0 .11 0 0 .1 6 5 0 .1 6 8 0 .1 6 5 0 .1 1 8 56 1 .8
19 M 47 S a lv a r .  H e p a t i t i s 0 .1 1 7 0.177 0 .1 9 6 0 .1 2 2 0 .117 79 2 .4
20 M 38 S a lv a r .  H e p a t i t i s 0 .0 9 5 0 .1 1 0 0 .1 2 8 0 .1 0 9 0 .0 9 5 33 1
21 M 27 S y p h i l .  H e p a t i t i s 0 .11 7 0 .19 6 0 .2 6 4 0 .177 0 .1 5 2 147 4
22 M 56 S y p h i l . ?Atophan 0 .0 9 5 0 .137 0 .1 4 6 0 .1 2 1 0 .1 0 1 51 1 .6
23 F 49 Suhac.Comb.Degen 0 .1 2 0 0 .1 3 3 0 .1 5 1 0 .1 2 8 0 .1 2 4 31 1 .2
24 F 36 Pern.Anaemia 0 .1 0 4 0 .110 0 .1 1 3 0 .107 0 .1 0 1 9 Irac e
25 F 61 Lymph. Leuh. 0 .1 2 2 0 .1 96 0 .20 7 0 .1 4 1 0 .1 2 0 85 2 .8
2 0 4 .
No. Sex Age
DIAGNOSIS
BLOOD SUGAR 0/7° Galac 
to £ - 
u r ia  
in  
gm.l is t in g
30
Mins •
60
M ins.
90
M ins.
120
M ins.
Hite
in
Mgm.
26 F 35 C h o le c y s t i t i s 0 .1 1 2 0 .1 3 8 0 .1 4 1 0 .1 2 6 0 .1 1 4 29 1 .9
27 F 47 C h o l e c y s t i t i s 0 .1 1 7 0 .132 0 .1 4 2 0 .1 2 8 0 .1 2 0 25 0 .8
28 F 40 C h o le c y s t i t  i s 0 .1 1 2 0 .129 0 .137 0 .1 2 1 0 .1 1 2 25 0 .8
29 F 45 C h o l e c y s t i t i s 0 .1 2 4 0 .1 4 1 0 .1 4 7 0 .1 3 1 0 .12 6 23 1 .2
30 F 48 C h o l e c y s t i t i s 0 .11 8 0 .1 2 9 0.137 0 .1 2 4 0 .1 1 8 19 Trace
31 M 55 Chron. N ephri t  i s 0 .1 0 5 0 .1 2 8 0 .1 3 4 0 .1 2 3 0 .1 0 9 29 1 .2
32 M 42 Acute N e p h r i t i s 0 .1 2 4 0 .17 7 0 .2 0 6 0 .157 0 .1 3 1 82 3 .5
33 M 33 O hron .N eph rit is 0 .1 3 5 0 .2 4 1 0 .2 8 1 0 .2 2 9 0 .1 7 1 146 3 .8
34 F 22 Exopii. G oitre 0 .1 4 8 0 .1 9 6 0 .2 5 2 0 .1 9 1 0 .1 4 5 104 2 .7
35 F 49 Exoph. G oitre 0 .1 6 9 0 .19 6 0 .2 4 1 0 .1 8 8 0 .1 6 6 72 4 .1
36 M 25 T .B .P e r i t o n i t i s 0 .1 0 4 0 .1 2 8 0 .1 3 1 0 .1 2 4 0 .107 27 1
37 F 53 Care, o f  L iver 0 .1 0 4 0 .1 4 3 0 .1 6 2 0 .1 4 6 0 .1 1 0 42 1 .2
38 M 82 S e c .C a r e .o f  L iver 0 .1 6 6 0 .1 8 7 0 .197 0 .2 0 2 0 .2 0 2 36 1 .2
39 F 38 Care, o f  L iver 0 .1 1 9 0 .1 9 2 0 .22 7 0 .2 0 4 0 .1 5 6 85 4
40 M 63 C ir r .  o f  L iver 0 .128 0 .1 5 6 0 .1 9 1 0 .2 0 2 0 .1 7 7 74 3
41 F 48 C ir r .  4£ L iver 0 .1 4 1 0 .15 6 0 .1 9 6 0 .1 2 8 0 .1 3 6 55 2 .2
42 F 43 Care, o f  Pancreas 0 .097 0 .1 1 8 0 .1 2 2 0 .1 1 2 0 .0 9 4 25 0 .8
43 F 47 C ir r .  o f  L iver 0 .112 0 .2 1 3 0 .2 2 2 0 .1 7 2 0 .1 6 6 110 3 .2
44 M 52 Cardiac F a ilu r e 0 .1 1 6 0 .1 2 9 0 .1 3 8 0 .1 2 1 0 .1 1 6 22 1
45 M 42 Cardiac F a ilu r e 0 .1 2 8 0 .1 4 1 0 .1 4 9 0 .137 0 .1 2 5 21 0 .5
A n a ly s is  o f  R e s u l t s :
1 . Normal c a s e s :  o f  the 10 c o n t r o l  c a s e s ,  the s m a l le s t  
in c r e a s e  i s  10 mgm$, and the h ig h e s t  2 8 .  The average r i s e  
i s  2 1 .7 .
In some c a s e s  th e  maximum in c r e a s e  occu rs  in  h a l f  an 
hour, as in  c a se  5 , the b lo o d -su g a r  r e tu r n in g  to  normal in  
one hour; t h i s  i s  e x c e p t io n a l ,  and probably i n d ic a t e s  a l i v e r  
whose g a l a c t o s e - s t o r in g  mechanism i s  very s e n s i t i v e .  This 
may be an in h e r i t e d  c h a r a c t e r i s t i c .  More u s u a l l y ,  the  
maximum i s  reached in  one hour, and anoth er  hour e la p s e s  b efore  
the f a s t i n g  l e v e l  i s  r e g a in e d .  Not in f r e q u e n t ly ,  a s l i g h t  
hypoglycaem ia o ccu rs  at the end o f  t h i s  p e r io d ,  the b lo o d -  
sugar a t  the end o f  two hours b e in g  s l i g h t l y  low er than  
the  o r ig i n a l  f a s t i n g - l e v e l .
I t  would seem th a t  the c o n c e n tr a t io n  o f  g a la c t o s e  in  
the blood r e q u ir e s  to  reach  a c e r t a in  l e v e l  b e fo re  th e  l i v e r  
i s  s t im u la te d  to  commence the co n v e rs io n  o f  g a la c t o s e  in to  
g ly c o g e n .  Once the p r o c e ss  i s  s t a r t e d  however, i t  a p p aren tly  
" oversh oots  the mark", w ith  a r e s u l t in g  hyp oglycaem ia .
The maximum r i s e  in  the b lo o d -su g a r  com patib le  w ith  the
assum ption o f  normal carbohydrate m etabolism  f o l lo w in g  the  
i n g e s t io n  o f  40 gm. o f  g a la c to s e  may be taken as b e in g  in  
the  r e g io n  o f  50 mgm. F ig u res  over 30 are abnormal. I f  a 
s u f f i c i e n t l y  la r g e  number o f  normal in d iv id u a l s  were examined, 
i t  would probably  be found th a t  a sm a ll  p ro p o r t io n  o f  them 
p o s se s s e d  a sm a ller  to le r a n c e  fo r  g a la c t o s e  than th e  o t h e r s ,  and 
in  th e s e  a r i s e  in  the  r e g io n  o f  30 mgm. cou ld  n o t-b e  regarded  
as abnormal. In th e se  i n d iv i d u a l s ,  however, th e  c r i t e r i o n  o f  
n o r m a lity  i s  the  re tu rn  o f  the  b lo o d -su g a r  to  i t s  f a s t i n g  l e v e l  
w ith in  2 h o u rs . Any d e la y  in  th e  f a l l  i n d ic a t e s  an abnorm ality  
in  the carbohydrate m etabolism  o f th e  body.
In t h i s  c o n n ec tio n  case  41 i s  o f  i n t e r e s t .  At th e  end o f  
one hour, an in c r e a s e  o f  55 mgm. was o b ta in e d ,  but by the end o f  
the  f o l lo w in g  h a l f - h o u r ,  th e  b lo o d -su g a r  f e l l  to  below the  
f a s t i n g - l e v e l .  T h is  resem b les  the  "lag" type  o f  curve d e sc r ib e d  
by McLean w ith  r e f e r e n c e  to  d ia b e t e s ,  and i n d ic a t e s  th a t  th e  
s to r a g e  mechanism was s u f f i c i e n t ,  but r eq u ire d  an abnorm ally h igh  
b lo o d -su g a r  c o n c e n tr a t io n  f o r  th e  r e q u i s i t e  s t im u lu s .
Another ty p e  o f  abnormal curve i s  th a t  o f  Case 38 in  w h ich ,  
though th e  r i s e  was o n ly  s l i g h t l y  above th e  maximum norm al, 
th e re  was marked d e la y  in  the  f a l l ,  and by th e  end o f
2 hours had not rega in ed  i t s  former l e v e l .  This curve  
a ls o  i l l u s t r a t e s  a th ir d  type o f  ab n orm ality , namely, that  
in  which the maximum r i s e  i s  not reached t i l l  a f t e r  the  
f i r s t  hour. In  t h i s  e e r i e s  o f  c a s e s ,  t h i s  occurred  tw ic e .  
There are two p o s s ib l e  e x p la n a t io n s  fo r  t h i s  phenomenon.
E ith e r  i t  i s  due to  delay in  a b so rp t io n  from the a lim entary  
t r a c t ,  supported by the p resen ce  o f  a s c i t e s  in  case  40, or  
e l s e  the s to ra g e  mechanism cou ld  not keep pace w ith  a b so r p t io n .  
In s p i t e  o f  th e  f a c t  th a t  t h i s  type o f  curve was not obta in ed  
in  o th e r  c a se s  o f  a s c i t e s ,  the former e x p la n a t io n  i s  the  
more p l a u s i b l e .
The normal curve may th e r e fo r e  be d e f in e d  as one in  
which the maximum r i s e  in  the b lo o d -su g a r  l e v e l  occu rs  n o t  
l a t e r  than one hour a f t e r  in g e s t io n  o f  40 gm. g a l a c t o s e ,  the  
in c r e a se  does not exceed  30 mgm. per  100 c . c .  and the f a s t i n g  
l e v e l  i s  rega in ed  not l a t e r  than 2 hours a f t e r  th e  
commencement•
2 .  P a th o lo g ic a l  c a s e s :  5 c a se s  o f  c a ta r r h a l  jaun d ice  were
examined. A l l  o f  them gave p o s i t i v e  r e s u l t s ,  the  
s m a l le s t  r i s e  b e in g  o b ta in ed  in  case  11 , which had l a s t e d  
4 w eeks, and was c le a r in g  up. In a l l  c a s e s ,  a l s o  th ere
was delay  in  the f a l l  to  normal.
This su pp orts  the view th a t  c a ta r r h a l  jaundice  i s  e s s e n t i a l l y  
a h e p a t i t i s ,  w ith  profound d is tu r b a n c e s  o f  f u n c t io n  o f  th e  
h e p a t ic  c e l l s .  In th e  e a r ly  s t a g e s ,  the b lo o d -su g a r  r i s e  i s  
always c o n s id e r a b le ,  and d e c re a ses  as the jaundice  c l e a r s  up (1 2 1 ) .
In c h o l e c y s t i t i s ,  normal cu rves were o b ta in e d ,  the  
in c r e a s e  ranging  from 19 to  29 mgm. A l l  the c a se s  were o f  a 
ch ron ic  n a tu r e ,  w ith  g a l l - s t o n e s .  The f in d in g s  in d ic a te d  
no d is tu rb a n ce  o f  l i v e r  f u n c t io n ,  a lth ou g h  some o b se r v e r s  
hold th a t  th e  l i v e r  i s  always a f f e c t e d  in  t h i s  c o n d i t io n .
Three c a se s  o f  jau n d ice , f o l lo w in g  the a d m in is tr a t io n  o f  
a r s e n i c a l  compounds in  the treatm ent o f  s y p h i l i s ,  were 
examined. I t  was im p o ss ib le  to determ ine , how ever, whether  
the jaundice  was due to  the a r s e n ic  or the  i n f e c t i o n .  In a l l  
c a s e s ,  the jaun d ice  was very s l i g h t ,  and the b lo o d -su g a r  f e l l  
to  normal in  2 h o u rs .  The s m a l le s t  r i s e  was observed  in  
the c a se  in  which the  jaundice  had alm ost c le a r e d  up a t  the  
time o f  exam in ation , thus s u g g e s t in g  a q u a n t i t a t iv e  r e l a t i o n  
between the i n t e n s i t y  o f  the jaundice  and the degree o f  
a f f e c t i o n  o f  the l i v e r  c e l l s .
Another c a s e ,  h o .  21, developed  jaundice w h ile  undergoing  
trea tm en t fo r  s y p h i l i s ,  but a few weeks had e la p se d  between  
the  l a s t  i n j e c t i o n  o f  n eo k h arsivan  and the development o f  
the ja u n d ic e .  This case  showed the l a r g e s t  in c r e a s e  o f  th e  
s e r i e s *  w h ile  in  a d d it io n  th ere  was p r o lo n g a t io n  o f  the 
b lo o d -su g a r  cu rv e .  This c a se  was probably  a tru e
s y p h i l i t i c  h e p a t i t i s ,  though the p o s s i b i l i t y  o f  a c o - in c id e n t
c a ta r r h a l  jaundice  could  not be ex c lu d ed .
Oase 22, s u f f e r in g  from s y p h i l i t i c  p a c h y m e n in g it is ,  was 
r e c e i v in g  atophan g r .  7-J- n o c te ,  when the d e f i c i e n c y  in  l i v e r -  
f u n c t io n  was n o te d .  Although the sm a lln e ss  o f  th e  dose
rendered the atophan improbable as the cause o f  the l i v e r
a f f e c t i o n ,  in  view o f  the w e l l  known t o x i c i t y  o f  the  drug, 
t h i s  l e d  to  i t s  d i s c o n t in u a t io n .
Three c a s e s  o f  carcinoma o f  the l i v e r  are in c lu d e d .
In none o f  them was the carcinoma considered to  be primary.
In c a se  37, th e  woman d ie d , somewhat u n e x p e c te d ly ,  the day 
a f t e r  the t e s t  was perform ed. At au to p sy , a primary fo c u s  
in  the stomach was d is c o v e r e d ,  w ith  secondary d e p o s i t s  in  
th e  omentum and l i v e r ,  the l a t t e r  organ b e in g  r id d le d  w ith  
n o d u le s ,  so th a t  very  l i t t l e  normal t i s s u e  was l e f t .  In s p i t e
o f  t h i s ,  the l i v e r  d is tu rb a n ce  t e s t e d  w ith  g a la c t o s e  was on ly  
s l i g h t ,  w h ile  th ere  was com plete absence o f  any s u g g e s t io n  o f  
ja u n d ic e .  This i s  an im portant p o in t  in  the d i f f e r e n t i a l  
d ia g n o s i s  between c i r r h o s i s  and m alignant d is e a s e  o f  the l i v e r ,  
as in  c i r r h o s i s ,  the d is tu rb a n ce  in  carbohydrate  fu n c t io n  i s  
g e n e r a l ly  more marked.
The case  o f  carcinoma o f  the head o f  the pancreas w ith  
o b s t r u c t iv e  jaundice gave a normal c u rv e . Mere o b s tr u c t io n  
o f  the  b i l e - d u c t s  does not g iv e  r i s e  to  d is tu rb a n ce  o f  l i v e r -  
f u n c t io n  at f i r s t ,  but prolonged  o b s t r u c t io n  e v e n tu a l ly  a f f e c t s  
the l i v e r - c e l l s .  This would be an im portant p o in t  i f  
o p e r a t io n  were c o n s id ered  in  a case  o f  o b s tr ^ u t iv e  ja u n d ic e .
The dem onstration  o f  marked impairment o f  l i v e r  fu n c t io n  would 
render the o p e r a t io n  extrem ely  dangerous.
The th ree  c a s e s  o f  c i r r h o s i s  o f  the l i v e r  a l l  gave 
p o s i t i v e  r e s u l t s ,  and the t e s t  probably has a p r o g n o s t ic  
v a lu e ,  s in c e  th o se  c a s e s  which were c l i n i c a l l y  th e  most s e r io u s  
gave the most marked r e s u l t s .  No. 41 , in  whom the l i v e r  was 
most e n la rg e d , i . e .  in  whom r e g e n e r a t io n  was most a c t iv e  a t  th e  
time o f  exam in ation , gave the s m a l le s t  r i s e .  I t  would thus  
seem p o s s ib le  to  o b ta in  a normal r e s u l t  in  a ca se  o f  c i r r h o s i s
o f  the l i v e r  in  whom r e g e n e r a t io n  was tem p orar ily  s u f f i c i e n t  to  
carry  on the normal fu n c t io n s  o f  the l i v e r ;  when t h i s  f a i l e d ,  
abnormal r e s u l t s  would aga in  be o b ta in e d .
In u n r e so lv e d  pneumonia, a p o s i t i v e  r e s u l t  was o b ta in ed ,  
in d ic a t in g  f u n c t io n a l  h e p a t ic  damage probably due to  the  
t o x i c  a c t io n  o f  the exudate in  the lu n g .
xhe same mechanism i s  r e s p o n s ib le  fo r  the p o s i t i v e  r e s u l t  
in  the case  o f  b r o n c h ie c t a s is  w ith  c o n s o l id a t io n ,  which was 
c o n s id er ed  to  be caused by a pneumococcal i n f e c t i o n .
Normal r e s u l t s  were o b ta in ed  in  p e r n ic io u s  anaemia and 
p o s t e r o - l a t e r a l  s c l e r o s i s .  I t  i s  s t a t e d ,  however, th a t  in  
the l a t e  s t a g e s  o f  p e r n ic io u s  anaemia, a p o s i t i v e  r e s u l t  i s  
o b ta in e d ,  due t o  f a t t y  d eg en era t io n  o f  the l i v e r .  With th e  
advent o f  the l i v e r  treatm ent o f  p e r n ic io u s  anaemia, such  
advanced c a s e s  w i l l  probably become very  r a r e .
Three c a s e s  o f  n e p h r i t i s  were examined, and two o f  them 
gave markedly p o s i t i v e  r e s u l t s ,  Uase 33 g iv in g  th e  second h ig h e s t  
in c r e a se  o f  the s e r i e s .  That the  r i s e  was n o t  due t o  
r e t e n t io n  i s  shown by the  h ig h  e x c r e t io n s  o f  the g a la c t o s e  
in  both  case® . There appears to  be a profound d is tu rb an ce  
o f  the carbohydrate m etabolism  in  th e se  c a s e s ,  but whether the
d e f e c t  i s  in  pan creas , l i v e r ,  muscle e t c . ,  i s  d i f f i c u l t  to  
say at p r e s e n t .
In exophthalm ic g o i t r e ,  p o s i t i v e  r e s u l t s  were o b ta in e d .
This i s  not s u r p r is in g  in  view o f  the freq u en t occu rren ce  o f  
g ly c o s u r ia  in  t h i s  c o n d it io n  and marked lo w e r in g  o f  the 
carbohydrate t o l e r a n c e .
The c a se  o f  tuberculous p e r i t o n i t i s  w ith  a s c i t e s  gave a 
normal r e s u l t .  This cou ld  be an im portant d i f f e r e n t i a l  
p o in t  in  the d ia g n o s is  o f  d i f f e r e n t  forms o f  a s c i t e s .
The two c a se s  o f  en la rg ed  l i v e r  due to  c a rd ia c  f a i l u r e  
gave norm al r e s u l t s .  h e i th e r  o f  the caceo was o f  lo n g -d u r a t io n ,  
and i t  i s  probable t h a t  in ch ron ic  venous c o n g e s t io n  o f  long  
s ta n d in g  impairment o f  l i v e r - f u n c t i o n  would o c c u r .
In lym phatic  leukaem ia, a p o s i t i v e  r e s u l t  was obta ined*
This may p o s s ib ly  be due to the f a t t y  d e g e n e ra t io n  o f  the l i v e r  
met w ith  in  t h i s  c o n d it io n  le a d in g  to i n s u f f i c i e n c y .
G ralaotosuria:
In no case  examined was su gar  found to  be ab sen t  from  
the u r in e ,  but in  two c a s e s  the amount p r e se n t  was too  sm all  
to  be e s t im a te d .  G en era lly  sp ea k in g , the amount e x c r e te d  was
roughly p r o p o r t io n a l  t o  the h e ig h t  o f  the g ly ca em ia , but th ere  
were s e v e r a l  e x c e p t io n s ;  c a ses  17 , 1 8 , 20, 22, 22 , 37 and 38 
i l l u s t r a t e  the  f a c t  t h a t  g a la c t o s u r ia  cannot be r e l i e d  upon to  
g iv e  the in form a tion  su p p lie d  by the b lo o d -su g a r  curve and 
may, in  f a c t , g i v e  q u ite  f a l l a c i o u s  r e s u l t s .
Bauer g iv e s  the fo l lo w in g  f ig u r e s  fo r  the e x c r e t io n  o f  
sugar in  the urine*
"Ausscheidungen von 0 -1  gm. norm al.
Ausscheidungen von 1 -2  gm. normal b i s  hochnorm al.
Ausscheidungen von 2 -3  gm. schwach b i s  d e u t l i c h  p o s i t i v .
Ausscheidungen von 3-12 gm. d e u t l i c h  b i s  s ta r k  p o s i t i v .
Elmer and Soheps (117) recorded a number o f  c a s e s  in  
which th ere  was l i t t l e  or no g a l a c t o s u r ia ,  a lth o u g h  the  b lood -  
sugar r i s e  g r e a t ly  exceeded 30 mgm. The above f i g u r e s  support  
t h e i r  v ie w s .  Furtherm ore, the type o f  curve g iv e n  by case  38, 
in  w hich, a lth ou g h  the b lo o d -su g a r  i s  on ly  s l i g h t l y  e le v a t e d ,  
th ere  i s  marked d e lay  in  the f a l l ,  would be e n t i r e l y  m issed i f  
the u r in e  a lone were examined.
C o n c lu s io n s :
I t  must be emphasised t h a t  b e s id e s  the  l i v e r ,  the g lands o f
in t e r n a l  s e c r e t i o n ,  n o ta b ly  the p a n creas , l i v e r  and p i t u i t a r y  and 
the sym p athetic  nervous system  are a l l  concerned in  the  
carbohydrate m etabolism  o f  the body. In a d d i t io n ,  i t  i s  
p o s s ib l e  th at in h e r i t e d  c h a r a c t e r i s t i c s  p lay  a r o le  in  
determ in in g  the nature  o f  the resp on se  to  in g e s te d  carb oh yd rate .
The b lo o d -su g a r  curve r e p r e s e n t s  the su m -to ta l  o f  th ese  
in f l u e n c e s ,  and in  any g iv e n  c a s e ,  in  order to  im p l ic a te  a 
s i n g l e  organ, a l l  the  o th e r s  must f i r s t  be exc lu d ed  b efore  
a d e f i n i t e  d ia g n o s is  can be g iv e n .
In d ia b e t e s ,  the g en era l  shape o f  the curve may resem ble  
th a t  o f  advanced l i v e r  d i s e a s e ,  but in  the former c a s e ,  the  
f a s t i n g  b lo o d -su g a r  i s  in v a r ia b ly  g r e a t ly  e l e v a t e d ,  and 
g ly c o s u r ia  i s  n e a r ly  always p r e se n t  at some time or  o th e r .
In a d d i t io n ,  c l i n i c a l  s ig n s  o f  d ia b e t e s  are p r e s e n t .
In h e p a t ic  d i s e a s e s ,  the most marked r e s u l t s  are  o b ta in ed  
in  th o se  c o n d it io n s  which damage the parenchyma o f  th e  l i v e r ,  
c a ta r r h a l  jaundice  g iv in g  the h ig h e s t  f i g u r e s ,  then  c i r r h o s i s  
and s y p h i l i t i c  h e p a t i t i s ,  w h ile  in  carcinoma o f  the l i v e r  th e  
curve as a r u le  i s  not very g r e a t ly  e l e v a t e d .  H aem olytic  
ja u n d ice , a s  4n p e r n ic io u s  anaemia, and o b s t r u c t iv e  jau n d ice ,  
as in  carcinoma o f  the  pancreas g iv e  normal r e s u l t s .  In
c h o l e l i t h i a s i s  and c h o l e c y s t i t i s  a l s o ,  normal r e s u l t s  are  
o b ta in e d .
P o s i t iv e  r e s u l t s  are o b ta in ed  in  n e p h r i t i s  and in  
exophthalm ic g o i t r e .
Kahler and Ilachold (114) say o f  t h i s  t e s t :  "Es muss noch 
f e s t g e s t e l l t  werden, das weder das B esteh en  von p a th o lo g is c h e r  
a lim e n ta r er  g a la c t o s u r ie ,  noch der Bachw eiss abnorm s ta r k e r  
G alaktosam ie imstande i s t ,  jede L eb erfu n k tio n ssto ru n g , son d em  
mit S ic h e r h e i t  nur e in e  Storung der L eberfu n k tion  b e z u g l ic h  des 
K o h le h y d r a ts to f fw e c h se ls  a n z u z e ig e n ."
The above r e s u l t s  show th a t  the g a la c t o s e  t o le r a n c e  t e s t  
i s  a very s e n s i t i v e  in d ic a to r  o f  the f u n c t io n a l  i n t e g r i t y  
o f  the h e p a t ic  c e l l s .  I t  i s  o f  g r e a t  va lu e  in  dem onstrating  
whether the l i v e r  i s  a f f e c t e d ,  but cannot d iagn ose  which  
p a r t ic u la r  d i s e a s e  i s  p r e s e n t .  Carcinoma, c i r r h o s i s  and 
h e p a t i t i s  can a l l  produce s im i la r  e f f e c t s  on th e  b lo o d -su g a r  
cu rv e . A n e g a t iv e  r e s u l t ,  though s u g g e s t iv e ,  i s  o f  l i t t l e  
p r a c t i c a l  v a lu e .  In a d d i t io n ,  a l l  c o n d it io n s  a f f e c t i n g  
the carbohydrate m etabolism  o f  the body must f i r s t  be 
excluded  b e fo re  the l i v e r  can be im p l ic a te d .
From the p o in t  o f  view o f  p r o g n o s is ,  the t e s t  i s  o f
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v a lu e  in  c i r r h o s i s  and o b s t r u c t iv e  ja u n d ice , g iv in g  a 
q u a n t i t a t iv e  e s t im a t io n  o f  the degree o f  damage to  th e  l i v e r .
THE VALUE OF HEPATIC E F F IC IE N C Y  T E S T S .
In the i n v e s t i g a t io n  o f  a case  w ith  a view  to  dem onstrating  
the e x i s t e n c e  o f  h e p a t ic  d e f i c i e n c y ,  i t  i s  a d v is a b le  to  
employ s e v e r a l  t e s t s ,  and not to r e l y  on the r e s u l t s  o f  one 
a lo n e .  The reason  f o r  t h i s  i s  the e x i s t e n c e  o f  f u n c t io n a l  
"asynergy” o f  the l i v e r  (1 2 2 ) .  When d is e a s e  a t t a c k s  t h i s  
organ, the v a r io u s  fu n c t io n s  are  not n i l  e q u a l ly  a f f e c t e d ;  in  
f a c t ,  i t  i s  o f t e n  found th a t  on ly  one fu n c t io n  i s  markedly  
a f f e c t e d ,  w h ile  in  the o th e r s  d y s fu n c t io n  i s  s l i g h t  or a b s e n t .
"La sy n e r g ie  f o n c t i o n e l l e  e s t  rare  en p a th o lo g ie  
h ep atiq u e  humaine. Mo in s  l ' a t t e i n t e  hepatiq ue  e s t  marquee,
moins l a  sy n erg ie  e s t  com plete . Dans l a  m a jo r ite  des c a s ,  c ' e s t  
l ' a s y n e r g i e  que l ' o n  o b serv e ."  (122)
There a r i s e s  th e r e fo r e  the q u e s t io n  "Which o f  the  la rg e  
number o f  t e s t s  d escr ib ed  above should  be employed in  the  
d e t e c t io n  o f  i n s u f f i c i e n c y  o f  the l iv e r ? "  There i s  h a rd ly  a 
s i n g le  t e s t  w hich, when f i r s t  in tro d u ced , was n o t  vaunted as 
the one which would so lv e  the problem o f  h e p a t ic  e f f i c i e n c y .
In my o p in io n ,  a g rea t  p ro p o r tio n  o f  them w i l l  soon he d iscarded  
to  th a t  limbo where r e s id e s  Cammidge's r e a c t io n  in  the u r in e ,  
e t c . ,  and w i l l  be regarded as  mere c l i n i c a l  c u r i o s i t i e s .
The i n v e s t i g a t io n  o f  the pigm entary fu n c t io n  o f  the l i v e r ,  
the resp on se  o f  the l i v e r  to  the dye t e s t s ,  and the carbohydrate  
to le r a n c e  t e s t s ,  are the  most u s e f u l  from the p o in t  o f  view o f  
d ia g n o s i s .
The e s t im a t io n  o f  the b i l i r u b i n  o f  the b lo o d , e i t h e r  
by the Van den Bergh ( q u a n t i t a t iv e )  r e a c t io n  or the d e term in a tio n  
o f  the i c t e r u s  in d ex , should be performed as a r o u t in e  measure 
in  every  h e p a t ic  ca se  where the d ia g n o s is  i s  in  doubt.
Of the th ree  d y e - t e s t s  d escr ib ed  above, rose  benga l seems to  
be id e a l  fo r  determ in ing  the chromagogue f u n c t io n ,  though a l l  o f  
them are s t i l l  in  g e n e ra l  u s e ,  and the r e s u l t s  ob ta in ed  are  
comparable. Some o b servers  ho ld  t h a t  the r e s u l t s  o f  th e  
dye t e s t s  m erely g iv e  an in d ic a t io n  o f  th e  patency  o f  th e  
b i l e - p a s s a g e s , and in  r e a l i t y  d u p l ic a te  the  r e s u l t s  o f  
the b i l ir u b in a e m ia  t e s t .  That t h i s  i s  not so ,  i s  shown by 
the p resen ce  o f  an in c r e a se d  b i l ir u b in a e m ia  in  some c a s e s  o f  
cancer  o f  the l i v e r ,  w ith ,  very o f t e n ,  absence o f  r e t e n t io n  
o f  r o se  bengal ( 1 2 3 ) .  The v a lu e  o f  the dye t e s t s  i s  w e l l
i l l u s t r a t e d  in  th e  case  o f  a la r g e  l i v e r ,  where the d ia g n o s is  
l i e s  between c i r r h o s i s  and c a n cer . nLa p resen ce  d fun taux  
f a i b l e  due r o se  apporte l a  s ig n a tu r e  du can cer ."  (124) The 
p r e c i s e  f u n c t io n  which i s  i n v e s t i g a t e d  by means o f  th e  dye t e s t s  
i s  s t i l l  a m atter  o f  d is p u te  (1 2 5 ) .
The i n v e s t i g a t i o n  o f  the  carbohydrate  f u n c t io n  o f  the  
l i v e r  i s  a v ery  u s e f u l  adjunct to  th e  f o r e g o in g ,  and o f  th e se  
t e s t s ,  the  g a la c to s e  to le r a n c e  t e s t  i s  c e r t a i n l y  most v a lu a b le .
The b i l ir u b in a e m ia  t e s t ,  combined w ith  the  r o se  b en g a l and 
carbohydrate t o le r a n c e  t e s t s ,  and the  r o u t in e  exam ination  o f  th e  
u r in e  and f a e c e s ,  w i l l  g iv e  a l l  the  e s s e n t i a l  d a ta  o b ta in a b le  
by la b o r a to r y  i n v e s t i g a t i o n .
The induced b i l ir u b in a e m ia  t e s t  i s  a t  p r e se n t  in  th e  
ex p er im en ta l s t a g e .  I t  i s  p o s s i b l e  th a t  in  th e  near fu tu r e  i t  
w i l l  become e s t a b l i s h e d  as a fundam ental t e s t  o f  h e p a t ic  
f u n c t io n .
Laboratory data  a lo n e ,  however, can g iv e  no d ia g n o s i s  
in  h e p a t ic  a f f e c t i o n s .  Acute n e c r o s i s ,  c lou d y  s w e l l in g ,  
f a t t y  d e g e n e ra t io n  and f i b r o s i s  a l l  produce s im i la r  e f f e c t s ,  
d is tu rb a n c e  o f  f u n c t io n .  I t  i s  o n ly  when the  la b o r a to r y  
f in d in g s  are combined w ith  th e  c l i n i c a l  d a ta ,  th a t  a 
d ia g n o s is  becomes p o s s i b l e .
The i d e a l  h e p a t ic  t e s t  i s  one which would e x p r e ss  in  
a s in g le  f ig u r e  the t o t a l i t y  o f  fu n c t io n  o f  the l i v e r .  This 
i d e a l  must remain u n a t t a in a b le ,  on account o f  the m u l t i p l i c i t y  o f  
f u n c t io n s  performed by the l i v e r .  We must be c o n ten t  at p resen t  
w ith  t e s t i n g  each fu n c t io n  s e p a r a t e ly .  The r e s u l t s  ob ta in ed  
stand  in  the same r e l a t i o n  to  the  h e p a t ic  c a s e ,  as the  
d em onstration  o f  a s y s t o l i c  murmur does to a c a rd ia c  c a s e .
G r e a te s t  d i f f i c u l t y  i s  encountered  in  the very  e a r ly  s ta g e  o f  
ch ron ic  d i s e a s e ,  when v e ry  o f t e n ,  o n ly  s l i g h t ,  i f  any 
d e v ia t io n s  from the normal are ob serv ed . N e g a t iv e  r e s u l t s  
in  such c a se s  are o f  no v a lu e .  Only by rep ea ted  a p p l i c a t io n s  
o f  the t e s t s  a t  v ary in g  i n t e r v a l s  o f  t im e , combined w ith  
c l i n i c a l  o b s e r v a t io n ,  can d ia g n o s is  and p r o g n o s is  approach  
a ccu ra cy .
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